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FINAL REPORT 

BUOYANT VENUS STATION FEASIBILITY STUDY 

VOLUME V I  - TECHNICAL ANALYSIS OF A 2000- AND 5000-LB BVS 

By R .  E .  F r a n k  and  J .  F .  B a x t e r  
M a r t i n  M a r i e t t a  C o r p o r a t i o n  

MISSION MODE TRADEOFF STUDIES - TASK 4.5 

For each mission mode investigated, the contractor shall se lec t ,  sub- 
j ec t  to government approval, the most promising mobility method or 
methods and perform mission mode tradeoff s tud ies  in  the prescribed 
ranges of the Venusian atmosphere. 

‘4s part of the midterm Oral Briefing, the recommendation was made and 
accepted that during the remaining period of the s tudy (Mission Mode 
Tradpoff) part of the effort would be concentrated on a nominal 2000-lb 
station. 

SUMMARY 

The volume p r e s e n t s  t h e  r e s u l t s  o f  t h e  a n a l y s i s  o f  t h e  f e a s i -  
b i l i t y  of t h e  2 0 0 0 - l b  buoyan t  Venus s t a t i o n  (BVS). I t  i s  i n t e n d e d  
t h a t  tilis v e h i c l e  would complement a V o y a g e r - c i a s s  m i s s i o n  t o  
Venus .  

T h i s  s t a t i o n  i s  t h e  d i r e c t  outcome of t h e  o r i g i n a l  c o n s t r a i n t s  
of t h e  Buoyant  Venus S t a t i o n  F e a s i b i l i t y  S t u d y ,  which s p e c i f i e d  a 
w e i g h t  l i m i t  a t  deployment  of 5000 l b .  T h i s  i s  t h e  most  a t t r a c t i v e  
u s e  of t h e  b a l l o o n  c o n c e p t .  The l a r g e  p a y l o a d  and t h e  m o b i l i t y  
and l o n g  l i f e  make t h e  s t a t i o n  p a r t i c u l a r l y  s u i t a b l e  as a p l a t f o r m  
f o r  t h e  e x p e r i m e n t s  of t h e  r e l a t i v e l y  s o p h i s t i c a t e d  and c o m p l i c a t e d  
s c i e n t i f i c  m i s s i o n s  of t h e  Voyager m i s s i o n s .  Even i f  a t r u e  ( s u r -  
v i v a b l e )  l a n d e r  were  t o  p rove  f e a s i b l e ,  i t  would n o t  p r e s e n t  t h e  
e q u i v a l e n t  a d v a n t a g e s  of t h i s  s t a t i o n  as a p l a t f o r m  f o r  e x p e r i m e n t s .  



A s  t h i s  s t u d y  makes c l e a r ,  t h e  2000- lb  w e i g h t  i s  n e i t h e r  
optimum nor r e s t r i c t i v e .  In a n  e a r l i e r  p h a s e  o f  t h i s  s t u d y ,  175 
l b  o f  s c i e n t i f i c  i n s t r u m e n t a t i o n  ( e x c l u d i n g  d r o p  s o n d e s )  were  
i d e n t i f i e d .  T h i s ,  i n  one  form o r  a n o t h e r ,  r e l a t e d  t o  p r a c t i c a l l y  
a l l  o f  t he  h i g h - p r i o r i t y  i n f o r m a t i o n  d e s i r e d  a b o u t  Venus.  Whi le  
t h i s  l i s t  i n  no manner e x h a u s t s  t h e  p o s s i b i l i t i e s  f o r  e x p e r i m e n t s  
o r  i n s t r u m e n t s ,  i t  s u g g e s t s  t h a t  a complement o f  t h r e e  o r  f o u r  
somewhat s m a l l e r  s t a t i o n s ,  s a y  1000 t o  1500 l b ,  f o r  e a c h  Voyager  
b u s  would b e  r e a s o n a b l e .  S i m i l a r l y  i t  i s  e q u a l l y  r e a s o n a b l e  t o  
p r o j e c t  a 5000- lb  o r  l a r g e r  s t a t i o n  f o r  a s  y e t  u n d e f i n a b l e  f u t u r e  
m i s s i o n s .  An e n v e l o p e  and  w e i g h t  s t a t e m e n t s  f o r  b o t h  c y c l i c  and 
n o n c y c l i c  modes o f  t h e  5 0 0 0 - l b  s t a t i o n  a r e  i n c l u d e d  i n  t h i s  v o l -  
ume. F i g u r e  1 shows two o f  t h e  2000 pound s t a t i o n s  w i t h i n  a 
Voyager  (Mars)  a e r o s h e l l  and  e n v e l o p e  b y  way o f  i l l u s t r a t i o n .  
S e v e r a l  s m a l l e r  a e r o s h e l l s  ( f o r  s e p a r a t e  e n t r y  and  dep loymen t )  
would a l s o  be a p p r o p r i a t e  f o r  c o n s i d e r a t i o n .  

The major  deve lopmen t  a r e a s  a r e  a g a i n  (as w i t h  t h e  2 0 0 - l b  
s t a t i o n )  a s s o c i a t e d  w i t h  t h e  b a l l o o n  a n d  i t s  c o n t r o l s .  More 
l eeway  e x i s t s ,  however ,  i n  t h e  s o l u t i o n  o f  t h e s e  p rob lems  i n  t h i s  
c a s e  because  o f  t h e  r educed  c r i t i c a l i t y  o f  w e i g h t .  

INTRODUCTION 

The s t a r t i n g  p o i n t s  f o r  t h i s  d e s i g n  c o n c e p t  were g e n e r a t e d  i n  
t h e  p r e l i m i n a r y  taslcs o f  t h i s  s t u d y .  The most  s o p h i s t i c a t e d  s c i -  
e n t i f i c  m i s s i o n  s u g g e s t e d  by t h e  i n s t r u m e n t a t i o n  l i s t s  c a l l e d  f o r  
1 3 7  l b  of i n s t r u m e n t a t i o n  s u p p o r t e d  by  d r o p  s o n d e s .  F o r  t h i s  de -  
s i g n ,  a n  a d d i t i o n a l  58 l b  o f  i n s t r u m e n t a t i o n  w a s  a d d e d ,  wh ich  
w i t h  105 l b  o f  sondes  b r o u g h t  t h e  s c i e n t i f i c  p a y l o a d  t o  300 l b .  

The most  o b v i o u s  m i s s i o n ,  f rom t h e  wind p a t t e r n  a n a l y s i s  o f  
t h e  i n s t r u m e n t a t i o n  s t u d y ,  c o u l d  talce a s  l o n g  a s  100 d a y s  as  t h e  
b a l l o o n  d r i f t e d  ( a p p r o x i m a t e l y )  f rom n e a r  t h e  s u b s o l a r  p o i n t  o v e r  
t h e  p o l e  t o  t h e  v i c i n i t y  o f  t h e  a n t i s o l a r  p o i n t .  T h i s  l o n g  a 
m i s s i o n ,  o f  c o u r s e ,  a g g r a v a t e s  t h e  problem o f  communica t ion  w i t h  
t h e  o r b i t e r ,  i n c r e a s i n g  t h e  problem o f  d r i f t i n g  o u t  o f  l i n e  of 
s i t e .  ( S e v e r a l  s t a t i o n s ,  dep loyed  s e p a r a t e l y ,  would be p a r t i c u -  
l a r l y  a t t r a c t i v e  i n  t h i s  r e g a r d  .) 

The s c i e n t i f i c  m i s s i o n  i s  d e s c r i b e d  i n  d e t a i l  l a t e r  i n  t h i s  
vo lume .  A d e g r e e  o f  c o m p l e x i t y  was d e l i b e r a t e l y  i n t r o d u c e d  i n t o  
t h e  m i s s i o n  t o  a s s u r e  t h a t  t h e  c o n c l u s i o n  o f  f e a s i b i l i t y  would 
n o t  be l i m i t e d  t o  r e l a t i v e l y  s i m p l e  m i s s i o n s ,  such a s  migh t  be  
a s s o c i a t e d  w i t h  ( o n l y )  t h e  e a r l y  m i s s i o n s .  



F i g u r e  2 i n d i c a t e s  t h e  deployment  s e q u e n c e .  A s e p a r a t e  mode 
o f  d a t a  c o l l e c t i o n  i n c l u d i n g  e n g i n e e r i n g  i n s t r u m e n t a t i o n  i s  p r o -  
v i d e d  f o r  t h i s  c r i t i c a l  phase  t o  a s s u r e  t h a t  f u n d a m e n t a l  inforrna-  
t i o n  i s  n o t  l o s t .  

A c o n c e p t  o f  p a c k a g i n g  t h e  BVS i n  a n  a e r o s h e l l  i s  i n d i c a t e d  
i n  f i g u r e  3 .  The h e x a g o n a l  gondo la  i s  6 f t  a c r o s s  and  a p p r o x i -  
m a t e l y  2 f t  d e e p .  The i n t e r n a l  a r r a n g e m e n t  d o e s  n o t  a p p e a r  t o  
b e  c r i t i c a l .  An RTG (40  W )  i s  shown a s  t h e  s o u r c e  o f  b o t h  e l e c -  
t r i c  power a n d  h e a t  f o r  t h e r m a l  c o n t r o l .  

F i g u r e  4 shows a n  a r r a n g e m e n t  o f  t h e  c y c l i c  v e r s i o n  w i t h  t h r e e  
e x t e r n a l  h y d r a z i n e  t a n k s .  T h i s  c y c l i c  s y s t e m  w e i g h i n g  236 l b  
would p e r m i t  t h e  e n t i r e  v e h i c l e  t o  d e s c e n d  t o  1 0  km and  r i s e  t h r e e  
t imes ,  d r o p p i n g  o n e  t a n k  e a c h  t i m e .  

The o v e r a l l  w e i g h t  breakdowns f o r  t h e  n o n c y c l i c  and  c y c l i c  
s t a t i o n s  a r e  g i v e n  i n  t a b l e s  1 a n d  2 ,  r e s p e c t i v e l y .  It i s  a p -  
p a r e n t  t h a t  t h e  n o n c y c l i c  s t a t i o n  c o u l d  be r e d u c e d  i n  s i z e .  How- 
e v e r ,  i t  s h o u l d  b e  r e c o g n i z e d  t h a t  f o r  t h i s  r e l a t i v e l y  complex 
m i s s i o n ,  a d e g r e e  o f  r edundancy  o r  o t h e r  r e l i a b i l i t y  e n h a n c i n g  
t e c h n i q u e s  s h o u l d  be employed, wh ich  have  n o t  b e e n  c o n s i d e r e d  i n  
t h i s  s t u d y ,  
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l i m i t e r  s i g n a l  s u p p r e s s i o n  f a c t o r  

d r i f t  a n g l e  o f  s t a t i o n  on  g r e a t  c i r c l e  p a t h  f rom 
i n i t i a l  p o s i t i o n  toward  p l a n e t ' s  s o u t h  p o l e  



SCIENCE SUBSYSTEM 

The s e l e c t i o n  o f  e x p e r i m e n t s  f o r  t h e  2 0 0 0 - l b  BVS w a s  b a s e d  
p a r t i a l l y  o n  t h e  a s s u m p t i o n  t h a t  t h e  m i s s i o n  w a s  a n  e a r l y  o n e .  
However,  t h e  f a c t  t h a t  a 2000- lb  BVS i s  a V o y a g e r - c l a s s  m i s s i o n  
i m p l i e s  t h a t  i t  w i l l  n o t  be the  f i r s t  p r o b e  t o  e n t e r  t h e  a tmos -  
p h e r e  o f  Venus,  a n d  t h a t  more w i l l  be known a b o u t  t h e  a t m o s p h e r e  
o f  Venus t h a n  w e  h a v e  a s sumed .  

T h i s  i n c r e a s e d  knowledge w i l l  change  t h e  s e l e c t e d  p a y l o a d  
l i t t l e ,  i f  a n y ,  a s  f a r  a s  t h e  number and  t y p e  o f  e x p e r i m e n t s  i s  
c o n c e r n e d .  It w i l l ,  however ,  have  a marked e f f e c t  o n  t h e  c o n d u c t  
a n d  d e t a i l e d  d e s i g n  o f  t h e  e x p e r i m e n t s .  T h u s ,  t h e  e x p e r i m e n t s  w i l l  
be more r e f i n e d  and  b r o a d  c o v e r a g e  w i l l  n o t  be  a s  i m p o r t a n t  a s  
h i g h e r  r e s o l u t i o n .  I n d e e d ,  t h e  e a r l i e r  m i s s i o n s  may a n s w e r  t h e  
q u e s t i o n  o f  how much emphas i s  s h o u l d  b e  p l a c e d  on b i o l o g i c a l  ex- 
p e r i m e n t s .  

E x p e r i m e n t s  

The e x p e r i m e n t  complement f o r  t h e  2 0 0 0 - l b  BVS i s  shown i n  
t a b l e  3 .  The i o n  chamber and  some o f  t h e  uv ,  v i s i b l e ,  I R  r a d i a -  
t i o n  f l u x  e x p e r i m e n t s  a r e  c o n t a i n e d  i n  a package  a t  t h e  a p e x  of  
t h e  b a l l o o n ;  a l l  o t h e r s  a r e  c o n t a i n e d  i n  t h e  g o n d o l a .  The t o t a l  
w e i g h t  o f  e x p e r i m e n t s  on  t h e  BVS i s  137 l b ;  a l l o w i n g  105  l b  f o r  
d r o p  s o n d e s  and  58 l b  f o r  u n d e f i n e d  e x p e r i m e n t s  o r  a n c i l l a r y  e q u i p -  
ment  b r i n g s  t h e  t o t a l  w e i g h t  of t h e  s c i e n c e  subsys t em t o  a b o u t  300 
l b .  A b r i e f  d i s c u s s i o n  of  each  e x p e r i m e n t  i s  g i v e n  be low.  

A t m o s p h e r i c  t e m p e r a t u r e .  - P l a  t i n i i m  r e s i  s t a n c e  t e m p e r a t u r e  
s e n s o r s  a r e  mounted o n  booms e x t e n d i n g  f rom b a y s  3 and  5 .  T h e r e  
a r e  two s e n s o r s  p e r  boom c o v e r i n g  t h e  r a n g e s  200 t o  500°K and 500 
t o  800°K. E x t e n d i n g  t h e  booms 2 o r  3 f t  f rom t h e  g o n d o l a  s h o u l d  
a l l o w  t h e  a m b i e n t  t e m p e r a t u r e  t o  be  measured  w i t h i n  + 5 " K .  B e t t e r  
a c c u r a c y  c o u l d  be  o b t a i n e d  b y  l o w e r i n g  t h e  s e n s o r s  on  a c a b l e  s e v -  
e r a l  b a l l o o n  d i a m e t e r s  l o n g .  

A tmospher i c  p r e s s u r e .  - Ten p r e s s u r e  s e n s o r s  c o v e r  t h e  p r e s -  
s u r e  r a n g e s  0 t o  1, 1 t o  10,  10 t o  100, 100 t o  1000, and  1000 t o  
10 000 mb w i t h  two s e n s o r s  p e r  r a n g e  f o r  r e d u n d a n c y .  The s e n s o r s  
a r e  mounted i n  b a y s  2 t h r u  6 ( r e f e r  t o  f i g .  3 ) .  
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A c o u s t i c  t r a n s m i s s i o n  l i n e .  - T h i s  e x p e r i m e n t ,  by  m e a s u r i n g  
t h e  speed  o f  sound ,  a c o u s t i c  impedance ,  t e m p e r a t u r e ,  and  p r e s s u r e  
o f  a sample o f  t h e  a t m o s p h e r i c  g a s ,  d e t e r m i n e s  t h e  d e n s i t y  and  
mean m o l e c u l a r  w e i g h t  o f  t h e  a t m o s p h e r e .  E n t r a n c e  and  e x i t  p o r t s  
a r e  r e q u i r e d  t o  c o l l e c t  and  exchange  a t m o s p h e r i c  s a m p l e s .  

Mass s p e c t r o m e t e r .  - T h i s  i n s t r u m e n t  h a s  a q u a d r u p o l e  a n a l y z e r  
s e c t i o n  t h a t  c a n  s e p a r a t e  i o n s  i n  t h e  r a n g e  10 t o  50 amu. T h i s  
r a n g e  i n c l u d e s  t h e  f o l l o w i n g  g a s e s  and  d i s s o c i a t i o n  p r o d u c t s :  

amu Gas o r  component - amu Gas o r  component -- 

C 2 H 6  and HCHO 1 2  C 30 

O 2  14 N 32 

4 1 6  0 and C H  

1 7  " 3  

34 CL? 

35 HC 1 

18 H 2 0  and  F 40 A 

1 9  H F  

20 Ne 

C 0 2  and N 0 2 44 

46 N02 

28 N2, C O ,  and  C 2 H 4  

The mass s p e c t r o m e t e r  r e q u i r e s  a g a s  s a m p l i n g  and  e s c h a n g e  
s y s t e m .  S i n c e  l e a k a g e  g a s e s  f rom t h e  b a l l o o n  may c o n t a m i n a t e  t h e  
a m b i e n t  g a s ,  a l o n g  t u b e  o r  h o s e  may b e  r e q u i r e d  t o  g e t  uncon-  
t a m i n a t e d  s a m p l e s .  

P y r o l y s i s / g a s  ch romatograph /mass  s p e c t r o m e t e r .  - T h i s  combi-  
n a t i o n  of i n s t r u m e n t s  w i l l  be used  t o  d e t e r m i n e  t h e  c o m p o s i t i o n  o f  
c l o u d s  and d u s t  p a r t i c l e s  and  t h e  p r e s e n c e  o f  o r g a n i c  compounds 
i n  t h e  a t m o s p h e r e .  A c y c l o n e  s e p a r a t o r  w i l l  b e  used  t o  c o l l e c t  
t h e  p a r t i c u l a t e s  f o r  a n a l y s i s .  The p a r t i c u l a t e s  a r e  p y r o l y z e d  i n  
a c o n t r o l l e d  manner  and  p r e s e n t e d  t o  t h e  g a s  c h r o m a t o g r a p h ;  t h e  
mass s p e c t r o m e t e r  i s  used  t o  a n a l y z e  s e l e c t e d  components  t h a t  p a s s  
t h r o u g h  t h e  g a s  ch romatograph  u n r e s o l v e d .  

V id icon  m i c r o s c o p e .  - T h i s  e x p e r i m e n t  t a k e s  t e l e v i s i o n  p i c t u r e s  
o f  e n c a p s u l a t e d  d u s t  p a r t i c l e s  ( o r  b i o t a )  c o l l e c t e d  by  a n o t h e r  
c y c l o n e  s e p a r a t o r .  A t o t a l  o f  18 p i c t u r e s  p e r  s ample  a r e  t a k e n ;  



t h r e e  f i e l d s  o f  v i e w ,  s i x  f o c u s  l e v e l s  p e r  f i e l d  o f  v i e w .  A f t e r  
a s u f f i c i e n t  d u s t  c o l l e c t i o n  t i m e ,  a command from E a r t h  i n i t i a t e s  
e n c a p s u l a t i o n  o f  a d u s t  sample and  one  p i c t u r e  i s  s e n t  t o  E a r t h .  
I f  t h i s  p i c t u r e  shows s u f f i c i e n t  d u s t  o r  b i o t a ,  t h e  r e m a i n i n g  
p i c t u r e s  a r e  talcen and t h e  r e m a i n i n g  d u s t  sample  p r e s e n t e d  t o  t h e  
b i o l o g i c a l  l a b o r a t o r y  f o r  a n a l y s i s ,  o t h e r w i s e ,  d u s t  c o l l e c t i o n  
c o n t i n u e s .  

Minimum b i o l o g i c a l  l a b o r a t o r y .  - T h i s  i n s t r u m e n t  i s  a combi-  
n a t i o n  o f  s e v e r a l  s i m p l e  l i f e - d e t e c t i o n  e x p e r i m e n t s  i n c o r p o r a t i n g ,  
f o r  example ,  m e t a b o l i s m  of  r a d i o a c t i v e  s u b s t r a t e s  and  e v o l u t i o n  
o f  l a b e l e d  g a s e s ,  d e t e c t i o n  of p h o t o s y n t h e s i s ,  a s s a y  f o r  m i c r o b i a l  
ATP, and  m e t a b o l i c  u p t a k e  o f  phosphorus  a n d  s u l f u r ;  s e v e r a l  o t h e r  
e x p e r i m e n t s  a r e  a l s o  p o s s i b l e .  Dus t  samples ,  c o l l e c t e d  b y  t h e  
same c y c l o n e  s e p a r a t o r  used  f o r  t h e  v i d i c o n  m i c r o s c o p e ,  a r e  d e -  
p o s i t e d  i n  a hopper  on t h e  i n s t r u m e n t  and  d i s t r i b u t e d  t o  t h e  v a r i -  
o u s  e x p e r i m e n t s  f o r  a n a l y s i s .  A n a l y s i s  r e q u i r e s  a b o u t  1 0 0  h r  and  
r e a d i n g s  a r e  talcen o n c e  e v e r y  o r b i t .  

I o n  chamber and G e i g e r  t u b e .  - T h i s  i n s t r u m e n t  i s  a low p r i -  
o r i t y  e x p e r i m e n t  i n c l u d e d  m a i n l y  t o  be r e p r e s e n t a t i v e  o f  i n s t r u -  
men t s  a f f e c t e d  b y  RTG r a d i a t i o n .  By p l a c i n g  i t  a t  t h e  a p e x  o f  
t h e  b a l l o o n ,  t h e  background coun t  due  t o  t h e  RTG becomes t o l e r a b l e  
w i t h o u t  s h i e l d i n g .  The i n s t r u m e n t  i s  t h e  same a s  t h a t  f l o w n  o n  
M a r i n e r  I V .  

U l t r a v i o l e t  r a d i a t i o n  f l u x .  - T h i s  e x p e r i m e n t  would measu re  
t h e  c o n t i n u o u s  a b s o r p t i o n  o f  nea r -uv  r a d i a t i o n  i n  s e v e r a l  wave- 
l e n g t h  r e g i o n s  (4000 1 2 A > 2000 A ) .  T h i s  would i n d i c a t e  t h e  
n a t u r e  o f  t h e  c l o u d s  o r  h a z e  above t h e  BVS and  t h e  p r e s e n c e  o f  
ozone .  The e x p e r i m e n t  i s  mounted a t  t h e  a p e x  o f  t h e  b a l l o o n  t o  
e n s u r e  v i e w i n g  t h e  S E ~ .  

V i s i b l e l n e a r - I R  r a d i a t i o n  f l u x .  - The a t m o s p h e r i c  t r a n s m i s s i o n  
a t  2 5  w a v e l e n g t h s  be tween  a b o u t  4000 and 6 p i s  measured  w i t h  
t h i s  e x p e r i m e n t ,  wh ich  i s  l o c a t e d  a t  t h e  a p e x  o f  t h e  b a l l o o n .  The 
f i l t e r s  a r e  chosen  t o  p a s s  w a v e l e n g t h s  a b s o r b e d  by  a t m o s p h e r i c  
g a s e s  ( e . g . ,  H,O, CO,). A similar e x p e r i m e n t  mounted on  t h e  gon-  
d o l a  l o o k i n g  down would be  a d e s i r a b l e  a d j u n c t .  

A l t i m e t e r l r a d a r  s c a t t e r o m e t e r .  - T h i s  i n s t r u m e n t  p r o v i d e s  b o t h  
a l t i t u d e  and  i n f o r m a t i o n  o n  t h e  s c a t t e r i n g  and  e l e c t r i c a l  p r o p e r -  
t i e s  o f  t h e  s u r f a c e .  The d e v i c e  i s  a p u l s e  r a d a r  w i t h  a s t e p p e d  
s c a n ,  p h a s e d - a r r a y  a n t e n n a  t h a t  s c a n s  a 60" f i e l d  o f  v i ew.  De- 
v e l o p m e n t  work on such  a n  a l t i m e t e r  h a s  been  done  a t  T e x a s  I n s t r u -  
m e n t s  f o r  L a n g l e y  R e s e a r c h  C e n t e r .  
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Microwave s c a n n e r / s p e c t r o m e t e r .  - T h i s  i n s t r u m e n t  i s  a p a s s i v e ,  
m u l t i f r e q u e n c y ,  microwave r a d i o m e t e r .  One-d imens iona l  e l e c t r o n i c  
s c a n s  a t  4 Ivave lengths  be tween 3 cm and 3 mm y i e l d  i n f o r m a t i o n  on 
t h e  a t m o s p h e r i c  c o m p o s i t i o n ,  t h e r m a l  s t r u c t u r e ,  c i r c u l a t i o n ,  and  
d e n s i t y .  A two-d imens iona l  e l e c t r o n i c  s c a n  a t  a w a v e l e n g t h  be -  
tween 3 and 4 cm g i v e s  a t h e r m a l  map o f  t h e  s u r f a c e .  

I n f r a r e d  s c a n n e r / s p e c t r o m e t e r .  - T h i s  e x p e r i m e n t  i s  e s s e n t i a l -  
l y  t h e  IR c o u n t e r p a r t  o f  t h e  microwave s c a n n e r .  One-d imens iona l  
s c a n s  a t  s e v e r a l  w a v e l e n g t h s  be tween a b o u t  4 and 1 2  p g i v e  i n f o r m a -  
t i o n  o n  t h e  c l o u d s  and a t m o p s h e r e  w h i l e  a two-d imens iona l  s c a n  a t  
3 t o  4 p would g i v e  a t h e r m a l  map o f  t h e  s u r f a c e  when t h e  BVS d e -  
s c e n d s  below t h e  c l o u d s  o r  a t h e r m a l  map o f  b r e a k s  i n  t h e  c l o u d s .  

L i g h t  b a c k s c a t t e r  from a e r o s o l s .  - T h i s  e x p e r i m e n t  c o r s i s t s  
o f  10 d e t e c t o r s  v i e w i n g  t h e  l i g h t  f rom a p u l s e d  o r  choppcd s o u r c e  
t h a t  i s  b a c k s c a t t e r e d  a t  d i f f e r e n t  a n g l e s  f rom c l o u d  o r  a e r o s o l  
p a r t i c l e s .  The s c a t t e r i n g  a n g l e s  l i e  be tween 180 and '35'. Two 
d e t e c t o r s  a t  e a c h  a n g l e  measu re  t h e  b a c k s c a t t e r e d  lizkit a t  two 
w a v e l e n g t h s .  The i n t e n s i t y  o f  t h e  b a c k s c a t t e r e d  l i g h t  i s  p r o p o r -  
t i o n a l  t o  t h e  c o n c e n t r a t i o n  and s c a t t e r i n g  c r o s s  s e c t i o n  o f  t h e  
p a r t  i c  1 es .  

Drop s o n d e s .  - The d r o p  sonde  complement f o r  t h e  2 0 0 0 - l b  BVS 
c o n s i s t s  o f  f o u r  2 5 - l b  sondes  and  one  5-lb sonde .  The l a r g e  d r o p  
s o n d e s  would c a r r y  e x p e r i m e n t s  s e l e c t e d  from t h o s e  i n  t a b l e  4 .  
The sma l l  sonde  c a r r i e s  o n l y  p r e s s u r e  and t e m p e r a t u r e  s e n s o r s .  

S c i e n t i f i c  Da ta  A c q u i s i t i o n  

F o r  c o n v e n i e n c e ,  t h e  measu remen t s  a r e  a r r a n g e d  i n t o  f o u r  b a s i c  
g r o u p s  and s e v e r a l  s p e c i a l  g r o u p s  a s  d i s c u s s e d  below.  

Group I measurement .  - These  measu remen t s ,  shown i n  t a b l e  5 ,  
a r e  made 6 t imes e v e r y  o r b i t  a t  0 ,  0 . 7 5 ,  1.5, 2 .25 ,  3 . 0 ,  and  3 . 5  
h r  o f  each o r b i t  w i t h  t h e  e x c e p t i o n  o f  t h e  f i r s t  o r b i t .  

F i r s t  o r b i t  measurements .  - A f t e r  t h e  BVS i s  dep loyed  and  
f l o a t i n g  a t  e q u i l i b r i u m  a l t i t u d e ,  t h e  Group I measurements  a r e  
s t a r t e d  and talcen e v e r y  0 .75  h r  u n t i l  t h e  o r b i t e r  comes i n t o  v iew 
for t h e  f i r s t  t i m e .  I n  a d d i t i o n ,  t h e  mass s p e c t r o m e t e r  makes one  
a t m o s p h e r i c  c o m p o s i t i o n  a n a l y s i s  and  t h e  small sonde  m e a s u r i n g  
t e m p e r a t u r e  and  p r e s s u r e  i s  r e l e a s e d .  The d a t a  g a t h e r e d  d u r i n g  
t l ie  f i r s t  o r b i t  a r e  t r a n s m i t t e d  t o  E a r t h  v i a  t h e  o r b i t e r  f o r  a 
(1 u i c  I< ana 1 y s i s . 



Group I1 measurements .  - T a b l e  6 shows t h e  e x p e r i m e n t s  i n c l u d e d  
i n  t h i s  g roup .  O n  command from E a r t h ,  t h e  d u s t  c o l l e c t e d  d u r i n g  
t h e  p r e c e d i n g  o r b i t s  i s  d i s t r i b u t e d  t o  t h e  i n s t r u m e n t s .  One d u s t  
c o l l e c t o r  p r e s e n t s  i t s  sample t o  t h e  p y r o l y s i s / g a s  ch romatograph /  
mass  s p e c t r o m e t e r  e x p e r i m e n t  f o r  a n a l y s i s .  The o t h e r  d u s t  c o l -  
l e c t o r  p r e s e n t s  h a l f  o f  i t s  sample t o  t h e  v i d i c o n  m i c r o s c o p e  and  
h a l f  t o  t h e  b i o l o g i c a l  l a b o r a t o r y .  The v i d i c o n  mic roscope  en-  
c a p s u l a t e s  i t s  sample  and  t a k e s  one  p i c t u r e .  The b i o l o g i c a l  l a b o -  
r a t o r y  sample  r e m a i n s  i n  i t s  hopper  u n t i l  a command from E a r t h  i s  
r e c e i v e d  t o  s t a r t  t h e  a n a l y s i s .  The f i r s t  v i d i c o n  p i c t u r e  i s  t h e n  
t r a n s m i t t e d  t o  E a r t h  v i a  t h e  o r b i t e r  f o r  a n a l y s i s .  I f  enough d u s t  
i s  p r e s e n t ,  a command i s  s e n t  t o  t a k e  t h e  r e m a i n i n g  1 7  p i c t u r e s  
and  t o  s t a r t  t h e  b i o l o g i c a l  l a b o r a t o r y  a n a l y s i s ,  o t h e r w i s e  t h e  
d u s t  c o l l e c t o r s  c o n t i n u e  t o  c o l l e c t  more d u s t .  These  measu remen t s  
a r e  d e n o t e d  a s  Groups  I I A  and  I I B  i n  t a b l e  6. 

Group I11 measurements .  - T h i s  g roup  o f  " imaging"  e x p e r i m e n t s  
f u n c t i o n s  e v e r y  t h i r d  o r b i t  e x c e p t  when a d r o p  sonde  i s  r e l e a s e d .  
T a b l e  7 l i s t s  t h e  e x p e r i m e n t s  i n  t h i s  g r o u p .  

Drop Sonde measurement .  - Drop s o n d e s  a r e  r e l e a s e d  o n  command 
f rom E a r t h  i n  p l a c e  of Group I11 measuremen t s .  T o t a l  d a t a  f rom 
a n y  sonde  w i l l  be l e s s  t h a n  100 000 b i t s .  

Group I V  measurement .  - T h i s  g r o u p  o f  measurements  i s  made 
d u r i n g  c y c l i n g  o r  f i n a l  d e s c e n t .  The Group I e x p e r i m e n t s  and  t h e  
l i g h t  b a c k s c a t t e r  e x p e r i m e n t  a r e  a c t i v a t e d  by  a p r e s s u r e  s w i t c h  
a p p r o x i m a t e l y  e v e r y  5 lcm o r  by a t i m e r  e v e r y  0 .75  h r .  The mass 
s p e c t r o m e t e r  and  t h e  I R  s c a n n e r /  s p e c t r o m e t e r  make measurements  
e v e r y  10 km. The I R  s c a n n e r  f u n c t i o n s  a s  a f o u r - c h a n n e l ,  down- 
l o o k i n g  r a d i o m e t e r  d u r i n g  d e s c e n t  and a two-d imens iona l  s c a n  i s  
made a t  t h e  minimum c y c l e  a l t i t u d e .  Group I measuremen t s  o n l y  
a r e  made d u r i n g  a s c e n t .  T a b l e  8 l i s t s  t h e  measurements  i n  Group 
I V .  

T y p i c a l  Sequence o f  E v e n t s  

A f t e r  t h e  BVS i s  dep loyed  and h a s  a t t a i n e d  i t s  e q u i l i b r i u m  
a l t i t u d e  , t h e  e x p e r i m e n t s  and s e n s o r s  a r e  d e p l o y e d  and  checked  
o u t ,  t h e  Group I measurements  a r e  s t a r t e d ,  t h e  mass s p e c t r o m e t e r  
malces  one  a n a l y s i s ,  t h e  d u s t  c o l l e c t o r s  a r e  s t a r t e d ,  and t h e  small 
d r o p  sonde  i s  r e l e a s e d .  



When t h e  o r b i t e r  malres i t s  f i r s t  a p p e a r a n c e ,  t h e  d a t a  a r e  
t r a n s m i t t e d  t o  E a r t h  v i a  t h e  o r b i t e r  f o r  a n a l y s i s .  Group I1 o n l y  
measurements  a r e  made d u r i n g  t h e  n e x t  s e v e r a l  o r b i t s ,  w h i l e  t h e  
f i r s t  o r b i t  da t a  a r e  b e i n g  a n a l y z e d .  

A t  t h e  b e g i n n i n g  o f  t h e  t h i r d  o r b i t ,  Groups  I1 and I11 meas-  
u r e m e n t s  a r e  commanded t o  s t a r t .  Group I11 measuremen t s  a r e  made 
e v e r y  t h i r d  o r b i t  h e r e a f t e r  u n l e s s  a d r o p  sonde  r e l e a s e  command 
i s  g i v e n .  

A t  t he  b e g i n n i n g  o f  t h e  s i x t h  o r b i t  ( a f t e r  t h e  f i r s t  v i d i c o n  
p i c t u r e  h a s  been  a n a l y z e d  on E a r t h ) ,  Groups  I I A  and  I I B  measu re -  
m e n t s  a r e  commanded i f  enough d u s t  h a s  been  c o l l e c t e d .  The b i o -  
l o g i c a l  l a b o r a t o r y  measurements  a r e  made once  p e r  o r b i t  f o r  35 
c o n s e c u t i v e  o r b i t s .  Group I1 measuremen t s  a r e  commanded a g a i n  
f o l l o w e d  by  Groups  I I A  and I I B  i f  enough d u s t  i s  p r e s e n t ,  The 
above  measurements  c o n t i n u e  u n t i l  a c y c l e  command i s  g i v e n .  Then ,  
a l l  measurements  s t o p  ( e x c e p t  Group I I B ) ,  and Group I V  measu re -  
men t s  a r e  made. The o t h e r  measurements  resume when t h e  s t a t i o n  
a s c e n d s  t o  i t s  o r i g i n a l  e q u i l i b r i u m  a l t i t u d e .  

When t h e  t e r m i n a t o r  i s  c r o s s e d ,  a l a r g e  d r o p  sonde  i s  r e -  
l e a s e d .  When t h e  m i s s i o n  i s  c o m p l e t e ,  f o r  example ,  when t h e  BVS 
i s  a b o u t  to  p a s s  o u t  o f  communica t ions  r a n g e ,  t h e  s t a t i o n  i s  g i v e n  
t h e  command t o  descend  and Group I V  measu remen t s  a r e  made u n t i l  
i m p a c t .  

Problem A r e a s  

Except  f o r  t h e  s p e c i a l i z e d  r e q u i r e m e n t s  o f  t h e  i n d i v i d u a l  
e x p e r i m e n t s ,  t h e  s c i e n c e  s u b s y s t e m  f o r  t h e  2 0 0 0 - l b  BVS p r e s e n t s  
no p rob lems  t h a t  were  n o t  uncove red  w i t h  t h e  2 0 0 - l b  BVS. The 
u n c e r t a i n t y  i n  t h e  wind p a t t e r n  r e m a i n s  t h e  o n l y  f u n d a m e n t a l  p r o b -  
lem. 

BALLOON SUBSYSTEM 

The u n c e r t a i n t y  o f  t h e  Venus ian  a t m o s p h e r e ,  a n d ,  h e n c e ,  t h e  
l a r g e  s p r e a d  i n  t h e  t h r e e  model a t m o s p h e r e s ,  p e n a l i z e s  t h e  d e -  
s i g n  of t h e  b a l l o o n  subsys t em.  S u f f i c i e n t  g a s  h a s  t o  be  t r a n s -  
p o r t e d  f o r  t h e  w o r s t - c a s e  a t m o s p h e r e  ( u p p e r  d e n s i t y )  o n l y  t o  be  
v a l v e d  o f f  i n  t h e  mean and lower  mode l s .  The mode l s  a l s o  make i t  
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u n d e s i r a b l e  t o  g u a r a n t e e  f l o a t a t i o n  above  t h e  c l o u d s  i n  a l l  th ree  
m o d e l s .  It i s  presumed t h a t  t h i s  l a r g e ,  complex s t a t i o n  w i l l  b e  
p r e c e d e d  b y  e a r l i e r  p r o b e s  i n t o  t h e  a t m o s p h e r e  n a r r o w i n g  t h i s  
a t m o s p h e r i c  u n c e r t a i n t y  c o n s i d e r a b l y .  

Both  t h e  n o n c y c l i c  and  c y c l i c  s t a t i o n s  a r e  d i s c u s s e d  i n  t h i s  
s e c t i o n .  The c y c l i c  s t a t i o n  may u s e  a n y  o f  t h r e e  methods :  (1) 
g a s  dump and  makeup; ( 2 )  g a s  dump a n d  b a l l a s t  d r o p ;  and  ( 3 )  pump 
a n d  dump o f  a t m o s p h e r i c  g a s e s .  

A n a l y s e s  were pe r fo rmed  i n  e v a l u a t i n g  i n f l a t i o n  g a s e s  (hydrogen  
and  decomposed h y d r a z i n e ) ,  c y c l i c  me thods  and  c y c l e  g a s  s y s t e m s ,  
and  b a l l o o n  m a t e r i a l s .  

Ba l loon  

N o n c y c l i c  s t a t i o n .  - The b a l l o o n  i s  d e s i g n e d  f o r  a minimum 
m i s s i o n  d u r a t i o n  o f  100 d a y s  f l o a t i n g  a t  57 km i n  t h e  mean d e n s i t y  
a t m o s p h e r e  w i t h  a s u p e r p r e s s u r e  o f  6 mb. I n  t h i s  a t m o s p h e r e ,  t h e  
s t a t i o n  i s  a p p r o x i m a t e l y  1.8 km a b o v e  t h e  c l o u d s .  I n  t h e  l o w e r  
d e n s i t y  model ,  t h e  s t a t i o n  f l o a t s  a t  a p p r o x i m a t e l y  40 km, wh ich  
may b e  w i t h i n  t h e  c l o u d s .  I n  t h e  u p p e r  d e n s i t y  a t m o s p h e r e ,  the  
s t a t i o n  w i l l  f l o a t  a t  a p p r o x i m a t e l y  79 km, wh ich  i s  w e l l  a b o v e  
t h e  c l o u d s .  The a m b i e n t  t e m p e r a t u r e  l i e s  be tween 195 and  287OK 
i n  t h e  u p p e r  and  lower  d e n s i t y  a t m o s p h e r e s ,  r e s p e c t i v e l y .  

The b a l l o o n  i s  f a b r i c a t e d  f rom M y l a r .  T h i s  i s  b a s e d  o n  good 
p h y s i c a l  p r o p e r t i e s  w i t h i n  t h e  e x p e c t e d  t e m p e r a t u r e  r a n g e  and  on  
t h e  c u r r e n t  s t a t e  o f  t echno logy  w i t h  r e s p e c t  t o  b a l l o o n  f a b r i c a -  
t i o n  and d e s i g n .  The b a s i c  c o n s t r u c t i o n  i s  a l a m i n a t i o n  o f  two 
i i i m s  of 1 . 2 5  m i l  e a c h .  iiie r e s u l t i n g  b a l l o o n  d e s i g n  i s  shown 
i n  f i g u r e  5 .  

rnl 

P e r t i n e n t  d a t a  a r e  a s  f o l l o w s :  

1) Volume, 94 400 cu  f t ;  

2 )  Diameter,  5 6 . 6  f t ;  

3 )  S u r f a c e  a rea ,  10 050 sq f t .  

B a l l o o n  d e s i g n  d e t a i l s  a r e  shown i n  f i g u r e s  6 and  7 .  Nylon-  
r e i n f o r c e d  Mylar  i s  used  f o r  the  c a p  p l a t e  and  t h e  i n f l a t i o n  f i t -  
t i n g  m a t i n g  a r e a  t o  p r o d u c e  a g r a d u a l  t r a n s i t i o n  t o  h i g h  s t ress  
p o i n t s .  The t o p  c a p  a s s e m b l y  a l l o w s  f o r  s t o r a g e  o f  a p p r o x i m a t e l y  
1 5  l b  o f  i n s t r u m e n t s ,  c o n t r o l s ,  and  a s s o c i a t e d  t h e r m a l  c o n t r o l  
m a t e r i a l .  The c o n t r o l s  may i n c l u d e  a r e d u n d a n t  p r e s s u r e  s w i t c h  
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and r e l i e f  v a l v e  f o r  c o n t r o l  o f  s u p e r p r e s s u r e .  A d i f f u s e r  p l a t e  
a n d  sock  a r e  used  t o  r e d u c e  t h e  v e l o c i t y  o f  t h e  i n f l a t i o n  g a s  and  
e l i m i n a t e  t h e  p o s s i b i l i t y  o f  d i r e c t  impingement  o f  a h i g h - v e l o c i t y  
g a s  s t r eam on t h e  b a l l o o n  s k i n .  

The b a s i c  b a l l o o n  s h e l l  f a b r i c a t i o n  shown c o n s i s t s  o f  a t t a c h -  
i n g  i d e n t i c a l  g o r e s  t o g e t h e r  w i t h  Mylar  a d h e s i v e - b a c k e d  t a p e .  
The l a m i n a t e d  Mylar  h a s  improved p r o p e r t i e s  o v e r  s i n g l e  f i l m  w i t h  
r e g a r d  to  g a s  p e r m e a t i o n  a n d  h a n d l i n g  c h a r a c t e r i s t i c s .  The l o a d  
s u s p e n s i o n  c o n s i s t  o f  a n y l o n  cone  a t t a c h e d  t o  t h e  b a l l o o n  s k i n  
f o r m i n g  a t a n g e n t  h a r n e s s .  The i n c l u d e d  a n g l e  i s  a p p r o x i m a t e l y  
120" .  

The c a l c u l a t e d  s k i n  s t r e s s  r e s u l t i n g  f rom t h e  6-mb s u p e r p r e s -  
s u r e  i s  a p p r o x i m a t e l y  6000 p s i .  The suspended  l o a d  imposes  a l o a d  
o f  a p p r o x i m a t e l y  0 . 5  l b l i n .  The s t r e s s  o f  6000 p s i  c o r r e s p o n d s  
t o  a s k i n  l o a d  o f  1 5  l b l i n .  T h i s  s u b s t a n t i a l  d i f f e r e n t i a l  e n s u r e s  
a minimum d e f o r m a t i o n  f rom t h e  s p h e r i c a l  s h a p e .  

C y c l i c  s t a t i o n .  - The b a l l o o n  i s  d e s i g n e d  f o r  a minimum m i s -  
s i o n  d u r a t i o n  o f  1 0 0  d a y s  f l o a t i n g  a p p r o x i m a t e l y  57 km i n  t h e  
mean d e n s i t y  a t m o s p h e r e  w i t h  a s u p e r p r e s s u r e  o f  6 mb. I n  a d d i -  
t i o n  t o  t h i s ,  t h e  b a l l o o n  must  w i t h s t a n d  a minimum o f  t h r e e  c y c l e s  
t o  a minimum a l t i t u d e  o f  10 km w i t h  no d w e l l  t i m e .  The maximum 
a m b i e n t  t e m p e r a t u r e  e x p e c t e d  i s  675°K ( i n  t h e  uppe r  d e n s i t y  a t -  
mosphere)  . 

The b a l l o o n  i s  f a b r i c a t e d  o f  p o l y b e n z i m i d a z o l e  (PBI)  f i l m ,  
wh ich  has  a n  o p e r a t i n g  t e m p e r a t u r e  r a n g e  o f  4 t o  723°K. However, 
s i n c e  t h e r e  i s  no e x i s t i n g  t e c h n o l o g y  w i t h  r e s p e c t  t o  b a l l o o n  d e -  
s i g n  and f a b r i c a t i o n ,  t h e  r e s u l t i n g  d e s i g n  i s  s t r i c t l y  c o n c e p t u a l .  
Kapton  f i l m  may be  c o n s i d e r e d  f o r  t h i s  a p p l i c a t i o n  b u t  h a s  no 
t e c h n o l o g y  b a s i s  f o r  t h i s  a p p l i c a t i o n  e i t h e r .  Two PBI f i l m s  a r e  
l a m i n a t e d ,  e a c h  f i l m  1 . 2 5  m i l  t h i c k .  The r e s u l t i n g  b a l l o o n  d e s i g n  
i s  shown i n  f i g u r e  8 .  The s i z e  i s  i d e n t i c a l  t o  t h a t  o f  t h e  non- 
c y c l i c  s t a t i o n .  

B a l l o o n  d e s i g n  d e t a i l s  a r e  shown i n  f i g u r e s  7 and  9 .  PBI 
f i b e r - r e i n f o r c e d  PBI f i l m  ( o r  Kapton)  i s  used  f o r  t h e  c a p  p l a t e .  
The d i f f u s e r  sock  h a s  t o  w i t h s t a n d  t h e  h i g h - t e m p e r a t u r e  g a s e s  o f  
decomposed h y d r a z i n e  used  a s  t h e  c y c l e  g a s .  The t o p  cap  a s s e m b l y  
a l l o w s  f o r  s t o r a g e  of  a p p r o x i m a t e l y  1 5  l b  o f  i n s t r u m e n t s ,  c o n t r o l s ,  
and  a s s o c i a t e d  t h e r m a l  c o n t r o l  m a t e r i a l .  The v a l v i n g  f o r  c y c l i n g  
i s  l o c a t e d  i n  t h i s  a r e a .  
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The b a s i c  b a l l o o n  s h e l l  f a b r i c a t i o n  shown c o n s i s t s  o f  a d h e r i n g  
i d e n t i c a l  g o r e s  t o g e t h e r ,  o v e r l a p p i n g  e a c h  g o r e  a t  i t s  c e n t e r l i n e  
as  shown i n  f i g u r e  9 .  T h i s  w i l l  p r o d u c e  a c o n t i n u o u s ,  c o n s t a n t  
c r o s s - s e c t i o n  membrane. The a d h e s i v e  a t  t h i s  t i m e  i s  a n  unknown 
r e g a r d i n g  a d h e s i v e  e f f i c i e n c y .  The g o n d o l a  s u s p e n s i o n  c o n s i s t s  
o f  PBI f i b e r s  woven i n t o  a cone a t t a c h e d  t o  t h e  b a l l o o n  s k i n  
f o r m i n g  a t a n g e n t  h a r n e s s .  The s k i n  s t r e s s e s  a r e  i d e n t i c a l  t o  
t h o s e  o f  t h e  n o n c y c l i c  b a l l o o n  t h a t  p r o d u c e s  a s a f e t y  f a c t o r y  o f  
3 .67  b a s e d  o n  PBI y i e l d  p o i n t  o f  22 000 p s i  (which  i s  a p p r o x i -  
m a t e l y  t h e  same a s  u l t i m a t e  f o r  t h i s  m a t e r i a l ) .  

I n f l a t i o n  Subsystem 

S c h e m a t i c s  o f  t h e  b a l l o o n  i n f l a t i o n  and  c o n t r o l  s u b s y s t e m s  a r e  
shown i n  f i g u r e s  10 and  11. The hydrogen  g a s  i s  s t o r e d  a t  a nomi- 
n a l  p r e s s u r e  o f  4500 p s i a  and  i s  l o a d e d  t h r o u g h  a manual  f i l l  v a l v e .  
P r e s s u r e  and  t e m p e r a t u r e  o f  t h e  s t o r e d  g a s  a r e  m o n i t o r e d  w i t h  t r a n s -  
d u c e r s .  The o r d n a n c e  s h u t o f f  v a l v e  i s  opened  on  s i g n a l  f rom a 
p r e s s u r e  s w i t c h  s e n s i n g  s t a t i c  p r e s s u r e .  The f i l t e r  p r o t e c t s  t h e  
b a l l o o n  and  downst ream components  f rom m e t a l l i c  p a r t i c l e s  g e n e r -  
a t e d  f rom a n  o r d n a n c e  v a l v e  f i r i n g .  The o r i f i c e  r e s t r i c t s  t h e  
f l o w  t o  e n s u r e  t h a t  t h e  b a l l o o n  i s  n o t  s u b j e c t e d  t o  a n  i n i t i a l  
damaging f l o w  r a t e .  The g u i l l o t i n e  i s  t h e  s e p a r a t i o n  d e v i c e  t h a t  
a l l o w s  t h e  t a n k  and  u p s t r e a m  components  t o  b e  d i s c o n n e c t e d  f rom 
t h e  s t a t i o n .  The b a l l o o n  s h u t o f f  v a l v e  i s  a n o r m a l l y  o p e n  o r d -  
nance  v a l v e  t h a t  i s  c l o s e d  o n  s i g n a l  f rom t h e  f l o w m e t e r .  The 
f l o w m e t e r  s i g n a l  i s  s e n t  when t h e  g a s  f l o w  h a s  r e a c h e d  a s e l e c t e d  
minimum v a l u e .  Two o t h e r  methods  a r e  c o n s i d e r e d  f o r  c o n t r o l l i n g  
t h e  s h u t o f f  v a l v e .  A p r e s s u r e  s w i t c h  t h a t  o p e n s  a t  a t a n k  p r e s -  
s u r e  i n  t h e  r a n g e  o f  300 t o  500 mb c o u l d  b e  u s e d ;  a n o t h e r  method 
o f  c o n t r o l  i s  u s i n g  a s e l e c t e d  t i m e  i n t e r v a l .  The p res s lu re  s w i t c h  
s e n s i n g  b a i i o o n  s u p e r p r e s s u r e  c o n t r o l s  t h e  s o l e n o i d  v a l v e  f o r  t h e  
r e l i e f  f u n c t i o n .  An a l t e r n a t i v e  method would be u s e  o f  a r e l i e f  
va lve .  

The hydrogen  g a s  p r e s s u r a n t  t a n k  w e i g h t  i s  b a s e d  o n  a n i c k e l -  
l i n e d ,  f i l amen t -wound  v e s s e l .  The  f i l a m e n t  may b e  g l a s s  o r  b o r o n ,  
w h i c h  r e s u l t s  i n  a w e i g h t  o f  11 l b  o f  t a n k  p e r  pound o f  hydrogen  
g a s .  T h i s  w e i g h t  i s  p r e d i c a t e d  o n  h e a t  s t e r i l i z a t i o n  b e i n g  a c -  
c o m p l i s h e d  i n  t h e  u n p r e s s u r i z e d  c o n d i t i o n .  The hydrogen  would b e  
l o a d e d  a f t e r  b e i n g  s t e r i l i z e d  i n  a s e p a r a t e  c o n t a i n e r .  

The ha rdware  r e q u i r e d  f o r  b a l l o o n  i n f l a t i o n  a l o n g  w i t h  quan-  
t i t y  o f  e a c h  component r e q u i r e d ,  u n i t  w e i g h t s ,  vo lumes ,  a n d  power 
r e q u i r e m e n t s  a r e  l i s t e d  i n  t a b l e  9 .  The v a l u e s  shown a r e  t y p i c a l  
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f o r  s i m i l a r  components  found o n  s p a c e c r a f t  t o  d a t e .  The d e v e l o p -  
ment s t a t u s  and f l i g h t  u s e  o f  t h e  components  a r e  shown i n  t a b l e  
10 .  Mar ine r  and Surveyor  have  used  s imi l a r  h a r d w a r e .  The p r i -  
mary d i f f e r e n c e  be tween t h e s e  f l i g h t - p r o v e n  components  and t h o s e  
r e q u i r e d  f o r  t h i s  m i s s i o n  i s  s t e r i l i z a t i o n .  Ordnance  s q u i b s  and  
v a l v e s  have been  s u b j e c t e d  t o  s t e r i l i z a t i o n  t e m p e r a t u r e s  a t  J e t  
P r o p u l s i o n  L a b o r a t o r y  and have  f u n c t i o n e d  p r o p e r l y .  

The p r e s s u r e  s w i t c h  t h a t  c o n t r o l s  t h e  b a l l o o n  s u p e r p r e s s u r e  
a p p e a r s  t o  be w i t h i n  s t a t e  of t h e  a r t  € o r  t h e  1970  time p e r i o d .  
The A i r  F o r c e  Cambridge R e s e a r c h  L a b o r a t o r y  h a s  f lown  a p r e s s u r e  
s w i t c h  w i t h  a s e t t i n g  of  10 mb and  a bandwid th  o f  10%. A s u p p l i e r  
o f  p r e s s u r e  s w i t c h e s ,  S e r v o n i c  I n s t r u m e n t s ,  h a s  a p r e s s u r e  s w i t c h  
i n  e n g i n e e r i n g  w i t h  a s e t t i n g  of  7 mb f o r  p r o d u c t i o n  i n  1968 .  

The r e l i e f  v a l v e  p r e s e n t s  a g r e a t e r  e x t e n s i o n  o f  t h e  p r e s e n t  
s t a t e  of t h e  a r t ,  The r e q u i r e m e n t s  a r e  shown i n  t a b l e  11. The 
small d i f f e r e n t i a l  p r e s s u r e s  f o r  c r a c k i n g ,  f u l l  f l o w ,  and  r e s e a t  
p r e s e n t  p rob lems  o f  m i n i m i z i n g  s e a t  l e a k a g e .  A p r e s s u r e  s w i t c h  
o p e r a t i n g  a s o l e n o i d  v a l v e  i s  a n  a l t e r n a t i v e  a p p r o a c h  t h a t  e l i m i -  
n a t e s  t he  r e q u i r e m e n t  f o r  t h i s  v a l v e .  

Cyc le  Subsystem 

The method used  f o r  c y c l i n g  i s  g a s  dump and g a s  makeup. The 
makeup gas i s  decomposed h y d r a z i n e  and  i s  shown i n  f i g u r e  12 i n  
s c h e m a t i c  form a l o n g  w i t h  t h e  s e q u e n c e  of e v e n t s  f o r  g a s  a d d i t i o n .  
T h r e e  c y c l e s  a r e  shown w i t h  t h i s  s t a t i o n  a l l o w i n g  f o r  a g o n d o l a  
w e i g h t  o f  547 l b .  The c y c l e  s u b s y s t e m  w e i g h s  236  l b  f o r  t h e  t h r e e  
c y c l e s  a s  shown i n  t h e  s t a t i o n  w e i g h t  s t a t e m e n t  o f  t a b l e  1 2 .  

On command t h e  b a l l o o n  v e n t  ( r e l i e f  v a l v e )  v a l v e  i s  opened  
a l l o w i n g  t h e  s u p e r p r e s s u r e  t o  be  dumped. T h i s  p r o d u c e s  a small 
mass change and  a l l o w s  t h e  b a l l o o n  t o  a s c e n d  a small d i s t a n c e  
( o n  t h e  o r d e r  o f  a few hundred  f e e t ) .  T h i s  a l l o w s  f o r  f u r t h e r  
v e n t i n g  o f  g a s .  S i n c e  t h e  v a l v e  would be  l o c a t e d  w i t h i n  t h e  t o p  
cap  a s s e m b l y ,  t h e r e  e x i s t s  a small d i f f e r e n t i a l  p r e s s u r e  be tween  
t h e  hydrogen  g a s  and  a t m o s p h e r e ,  wh ich  p r o d u c e s  a p o s i t i v e  f o r c e  
t o  c o n t i n u e  v e n t i n g .  A s  t h e  v e n t i n g  c o n t i n u e s  t h e  b a l l o o n  becomes 
s l a c k  and s t a r t s  d e s c e n t .  A t i m e r  c o n t r o l  c o u l d  b e  used  f o r  t h e  
c o n t r o l  v a l v e ,  i n  c o n j u n c t i o n  w i t h  m o n i t o r i n g  a l t i m e t e r  o r  b a r o -  
m e t r i c  c h a n g e s  t o  d e t e r m i n e  d e s c e n t  v e l o c i t y .  When p r o p e r  v e l o c -  
i t y  has  been  r e a c h e d ,  no f u r t h e r  v e n t i n g  i s  d o n e .  Based o n  com- 
p u t e r  d a t a ,  i f  20% o f  t h e  hydrogen  g a s  i s  dumped, t h e  c y c l e  t i m e  
i s  a p p r o x i m a t e l y  4.5 h r  t o  d e s c e n d  t o  10 lcm and r e t u r n  t o  a l t i -  
t u d e  i n  t h e  mean a t m o s p h e r e .  



The h y d r a z i n e  sys t em u s e s  a s i m p l e  blowdown o p e r a t i o n  i n  con-  
j u n c t i o n  w i t h  a t imer .  The t ank  and  equipment  u p s t r e a m  o f  t h e  
g u i l l o t i n e  a r e  j e t t i s o n e d  on  c o m p l e t i o n  o f  t h e  f i l l i n g  o p e r a t i o n  
a s  shown i n  f i g u r e  1 3 .  

The ha rdware  r e q u i r e d  f o r  c y c l e  i n f l a t i o n  a l o n g  w i t h  q u a n t i t y  
o f  e a c h  component r e q u i r e d ,  component w e i g h t s ,  vo lumes ,  and  power 
r e q u i r e m e n t s  a r e  l i s t e d  i n  t a b l e  13.  The deve lopmen t  s t a t u s  and  
f l i g h t  u s e  o f  s imi la r  components a r e  shown i n  t a b l e  1 4 .  T h i s  
s p o n t a n e o u s  c a t a l y s t  h a s  n o t  been  f lown  t o  d a t e ,  b u t  w i l l  be  u sed  
on  T i t a n  I11 and f lown  i n  1968.  

C o n s i d e r a t i o n  must  be  g i v e n  t o  t h e  e n v i r o n m e n t  o f  t h e  h y d r a -  
z i n e .  It i s  s t a b l e  above  GOO'K, b u t  w i l l  p r o b a b l y  have  t o  b e  
p r o t e c t e d  a t  675°K. However, s i n c e  t h e r e  i s  no d w e l l  t ime  a t  t h e  
h i g h  t e m p e r a t u r e ,  l i t t l e  i n s u l a t i o n  i s  r e q u i r e d  due  t o  t h e  t h e r m a l  
l a g  o f  t h e  s y s t e m .  

V e r n i e r  Gas Subsystem 

F o r  a m i s s i o n  d u r a t i o n  o f  t h i s  o r d e r  (100 d a y s ) ,  i t  may be  
h i g h l y  d e s i r a b l e  t o  i n c l u d e  a g a s  s u p p l y  t o  compensa te  f o r  c r o s s -  
i n g  t h e  t e r m i n a t o r  and  f o r  component and  j o i n t  l e a k a g e .  P e r m e a t i o n  
i s  n o t  a problem w i t h  Mylar  o r  Kap ton ,  b u t  PBI p e r m e a t i o n  i s  n o t  
w e l l  known. 

An e f f e c t  o f  t h e  s t a t i o n  c r o s s i n g  t h e  t e r m i n a t o r  f rom t h e  sun -  
l i g h t  s i d e  t o  t h e  d a r k  s i d e  i s  t h e  change  i n  b a l l o o n  g a s  temper-  
a t u r e  and  t h e  r e s u l t i n g  d e c r e a s e  i n  p r e s s u r e .  The c a s e  o f  t h e  
s t a t i o n  f l o a t i n g  a p p r o x i m a t e l y  2 km above  t h e  c l o u d s  i n  t h e  mean 
d e n s i t y  a t m o s p h e r e  h a s  been  a n a l y z e d  f o r  a r a n g e  o f  b a l l o o n  c o a t -  
i n g s  c o n s i d e r i n g  i n c i d e n t  a n d  r e f l e c t e d  r a d i a t i o n .  Myla r ,  un- 
c o a t e d ,  i s  a p p r o x i m a t e l y  98% t r a n s p a r e n t  t o  s o l a r  r a d i a t i o n ,  w h i c h  
may e l i m i n a t e  t h e  problem of  c r o s s i n g  t h e  t e r m i n a t o r  w i t h  o n l y  6- 
rnb s u p e r p r e s s u r e .  

An a l u m i n i z e d  f i n i s h  w i l l  m a i n t a i n  a t e m p e r a t u r e  change  o f  
a p p r o x i m a t e l y  25°K o r  11% o f  t h e  t o t a l  t e m p e r a t u r e .  To m a i n t a i n  
a s u p e r p r e s s u r e  c o n d i t i o n  above t h e  1 0 5  mb a m b i e n t  p r e s s u r e ,  t h e  
s u p e r p r e s s u r e  r e q u i r e d  would b e  a p p r o x i m a t e l y  1 2  mb. T h i s  would 
r e s u l t  i n  a n  i n c r e a s e d  b a l l o o n  w e i g h t  o f  1 8 5  l b  p l u s  4 5  l b  o f  a d -  
d i t i o n a l  hydrogen  g a s  s y s t e m .  The v e r n i e r  g a s  s y s t e m  (hydrogen  
g a s )  c o u l d  m a i n t a i n  t h e  6-mb s u p e r p r e s s u r e  o f  t h i s  s t a t i o n  w i t h  a 
4 5 - l b  t o t a l  w e i g h t .  
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I f  the  s t a t i o n  p a s s e s  f rom t h e  d a r k  t o  t h e  l i g h t  s i d e  ( o r  o u t  
o f  t h e  c l o u d s  from w i t h i n  t h e  c l o u d s )  o n l y  v e n t i n g  o f  g a s  i s  r e -  
q u i  r e d .  

A few pounds  o f  hydrogen  o r  h y d r a z i n e  would e n s u r e  t h a t  small 
lealcs  i n  t h e  b a l l o o n  sys t em would n o t  t e r m i n a t e  t h e  m i s s i o n  p r e -  
m a t u r e l y .  The g a s  c o u l d  be c o n t r o l l e d  by t h e  p r e s s u r e  s w i t c h  mon- 
i t o r i n g  b a l l o o n  s u p e r p r e s s u r e  o r  by  command t h r o u g h  t e l e m e t r y  d a t a  
a n a l y s i s .  

D e p 1 o yme n t 

The s t a t i o n  deployment  sequence  i s  shown i n  f i g u r e  1 4 .  The 
equipment  used  t o  i n i t i a t e  t h e  deployment  f u n c t i o n s  i s  shown i n  
f i g u r e  15 .  P a r a c h u t e  deployment  i s  i n i t i a t e d  a t  a g i v e n  dynamic 
p r e s s u r e ,  w h e r e a s  t h e  b a l l o o n  deployment  i s  i n i t i a t e d  a t  a n  ambi-  
e n t  p r e s s u r e  l e v e l .  The p a r a c h u t e  i s  d e p l o y e d  s u b s o n i c a l l y  and  
d e s i g n e d  t o  r e a c h  t e r m i n a l  v e l o c i t y  b e f o r e  t h e  b a l l o o n  i s  d e p l o y e d .  
T h i s  e n s u r e s  a minimum dynamic p r e s s u r e  on  t h e  b a l l o o n  d u r i n g  d e -  
p loyment .  

I f  t he  b a l l o o n  i s  i n f l a t e d  above  e q u i l i b r i u m  a l t i t u d e ,  g a s  
m u s t  be r e l i e v e d  t o  e n s u r e  t h a t  d e s i g n  s u p e r p r e s s u r e  l i m i t s  a re  
n o t  exceeded .  T h i s  g a s  must  be  made up a f t e r  o b t a i n i n g  n e a r -  
e q u i l i b r i u m  a l t i t u d e  t o  p r o d u c e  p r o p e r  s u p e r p r e s s u r e  and i s  a 
w e i g h t  p e n a l t y  t o  t h e  s t a t i o n .  I n f l a t i o n  below e q u i l i b r i u m  a l -  
t i t u d e  r e q u i r e s  t h a t  a minimum o f  10% " f r e e  l i f t "  i s  r e q u i r e d  t o  
p r o d u c e  a r e a s o n a b l e  a l t i t u d e  u n d e r s h o o t .  T h i s  i s  a s l i g h t  g a s  
w e i g h t  p e n a l t y  s i n c e  6 mb c o r r e s p o n d s  t o  o n l y  6% " f r e e  l i f t . "  A 
p r e s s u r e  s w i t c h  s e t  a t  a nominal  p r e s s u r e  o f  99 mb and w i t h  an  a c -  
a c c u r a c y  o f  +2%,  w i l l  a l l o w  t h e  b a l l o o n  t o  be i n f l a t e d  v e r y  c l o s e  
t o  e q u i l i b r i u m  a l t i t u d e  and  w i l l  n o t  r e q u i r e  a g a s  w e i g h t  p e n a l t y .  
It w i l l  a l s o  e n s u r e  minimum u n d e r s h o o t  o f  t h e  s t a t i o n ,  wh ich  i s  
h i g h l y  d e s i r a b l e  f o r  t h e  57 lcm, e q u i l i b r i u m  a l t i t u d e  s t a t i o n ,  
j u s t  under  2 km above  t h e  c l o u d  t o p s .  The sequence  of dep loymen t  
i s  shown i n  f i g u r e  2 .  

E n g i n e e r i n g  Measurement s 

The e n g i n e e r i n g  measurements  t h a t  s h o u l d  b e  made d u r i n g  s t a -  
t i o n  deployment and  f o r  m o n i t o r i n g  b a l l o o n  p a r a m e t e r s ,  d u r i n g  
e q u i l i b r i u m  f l o a t a t i o n  and t h r o u g h o u t  a l t i t u d e  c y c l i n g ,  a r e  shown 
i n  t a b l e  1 5 .  



Trade S t u d i e s  

A n a l y s e s  were  pe r fo rmed  on i n f l a t i o n  g a s e s ,  c y c l e  methods  and  
c y c l e  g a s e s ,  and  b a l l o o n  m a t e r i a l s ,  a s  shown i n  t a b l e  1 6 .  

Hydrogen g a s ,  t r a n s p o r t e d  a s  a c r y o g e n  and  a s  a h i g h - p r e s s u r e  
g a s ,  was compared t o  decomposed h y d r a z i n e .  The r e s u l t s  o f  t h i s  
compar i son  a r e  shown i n  f i g u r e  1 6  f o r  a s t a t i o n  w e i g h t  r a n g i n g  
f rom 2000 t o  2500 l b .  The c r y o g e n i c  hydrogen  s y s t e m  a l l o w s  f o r  
a 6% g r e a t e r  g o n d o l a  w e i g h t  t han  hydrogen  t r a n s p o r t e d  a s  a h i g h -  
p r e s s u r e  g a s ,  a n d  a 23% g r e a t e r  g o n d o l a  w e i g h t  t h a n  decomposed 
h y d r a z i n e .  However,  t h e  6% g a i n  i s  more t h a n  o f f s e t  b y  t h e  com- 
p l e x i t y  o f  t h e  v a p o r i z a t i o n  equipment  r e q u i r e d  t o  p r o d u c e  i n f l a -  
t i o n  g a s .  One method i s  b y  use o f  a h o t - g a s  h e a t  e x c h a n g e r ,  u s i n g  
decomposed h y d r a z i n e  ( f i g .  1 7 ) .  O t h e r  schemes t h a t  may be con-  
s i d e r e d  a r e :  

1) Oxygen-hydrogen b u r n i n g  t o  p r o d u c e  h o t  g a s  f o r  h e a t  

2 )  F l u o r i n e - h y d r o g e n  b u r n i n g  ( h y p e r g o l i c )  t o  p r o d u c e  t h e  

e x c  ha  ng e r ; 

h o t  g a s .  

N e i t h e r  of t h e s e  h a v e  been  i n v e s t i g a t e d .  The r e s u l t i n g  b a l l o o n  
s i z e s  f o r  hydrogen  g a s  are shown i n  f i g u r e  18. 

The h i g h - p r e s s u r e  hydrogen  g a s  s t a t i o n  w e i g h t  breakdown i s  
shown i n  t a b l e  1 7 .  A decomposed h y d r a z i n e  g a s  s t a t i o n  i s  shown 
i n  t a b l e  18.  

Hydrogen a t t a c k  on m a t e r i a l s  i s  a c o n s i d e r a t i o n .  T i t a n i u m  
a l l o y s  w i l l  be a t t a c k e d  a t  ambien t  t e m p e r a t u r e s  b y  hydrogen  g a s  
a t  4500 p s i a  ar,d a t  lower  n r ~ c c ~ r e c .  i----- The d e g r a d a t i o n  f a l i e s  t h e  
form o f  s u r f a c e  s p a l l i n g  u n t i l  t h e  t a n k  i s  c o m p l e t e l y  d e s t r o y e d .  
I n  o t h e r  words ,  no p a s s i v a t i o n  e f f e c t  t a k e s  p l a c e .  

A t  c r y o g e n i c  t e m p e r a t u r e s ,  t h e  e f f e c t  h a s  n o t  b e e n  n o t i c e d ;  
however ,  d e s i g n  must  c o n s i d e r  t h e  p o s s i b i l i t y  t h a t  p o r t i o n s  o f  t h e  
s y s t e m  may r i s e  t o  t e m p e r a t u r e s  a t  which  t h e  d e g r a d a t i o n  w i l l  t a k e  
p l a c e .  B a t t e l l e  I n s t i t u t e ,  which h a s  done  most  o f  t h e  work ,  h a s  
not produced  s p e c i f i c  d a t a  d e s c r i b i n g  t h e  t r a n s i t i o n  p o i n t ,  b u t  
s t a t e s  t h a t  t h e  c o n d i t i o n  can  be c r i t i c a l .  

Of t h e  two t i t a n i u m  a l l o y s  t h a t  may b e  c o n s i d e r e d ,  GAR-4V ELI 
and  5AL-2.5 SnELI, t h e  l a t t e r  i s  recommended. (ELI i s  t h e  ab-  
b r e v i a t i o n  f o r  ex t r a  low i n t e r s t i t i a l  .) 

17 



N i c k e l  i s  n o t  known t o  b e  a t t a c k e d  by hydrogen  g a s  a t  e i t h e r  
o f  t h e  t e m p e r a t u r e  c o n d i t i o n s ;  t h e r e f o r e ,  a n i c k e l - l i n e d  f i l a m e n t  
wound tank  would b e  s a t i s f a c t o r y .  The f i b e r g l a s  l a m i n a t e  i s  com- 
p a t i b l e  w i t h  h y d r o g e n .  

Gas dump a n d  b a l l a s t  d r o p  a n d  pumping and  dumping o f  a tmos -  
p h e r i c  g a s e s  were  c o n s i d e r e d  i n  a d d i t i o n  t o  g a s  dump and  makeup. 
The r e s u l t i n g  g o n d o l a  w e i g h t s  f o r  t h e s e  modes o f  c y c l i n g  a re  shown 
i n  f i g u r e  1 9  f o r  a s t a t i o n  w e i g h t  r a n g e  o f  2000 t o  2500 l b .  Gas 
dump a n d  makeup, u s i n g  h y d r a z i n e ,  a l l o w s  f o r  t h e  maximum p a y l o a d  
f o l l o w e d  by  g a s  dump a n d  b a l l a s t  d r o p ,  g a s  dump a n d  makeup, u s i n g  
hydrogen  a s  t h e  c y c l e  g a s ,  and  pump and  dump a t m o s p h e r i c  g a s e s ,  
r e s p e c t i v e l y .  However, t h e  pumping and  dumping a l l o w s  f o r  a n  un- 
l i m i t e d  number o f  c y c l e s  w h i l e  t h e  o t h e r  methods  o n l y  a l l o w e d  
t h r e e  c y c l e s .  I n  a d d i t i o n ,  pumping and dumping a l l o w s  t h e  s t a t i o n  
t o  move t o  a lower  e q u i l i b r i u m  a l t i t u d e .  

The t h r e e  b a l l a s t  d r o p s  o f  112 ,  100, a n d  8 6  l b  c o u l d  p r o d u c e  
a l a r g e  complement o f  e x p e r i m e n t s  t o  a n a l y z e  b e l o w s t a t i o n  a tmos -  
p h e r i c  c o n d i t i o n s ,  

A pump r e c e i v e r  ( b a l l o n e t )  a p p r o x i m a t e l y  1 6  f t  i n  d i a m e t e r  i s  

The b a l l o n e t  would be  c o n s t r u c t e d  of  a m e t a l  mesh,  
r e q u i r e d  t o  c y c l e  t h e  2000- lb  c l a s s  s t a t i o n .  T h i s  c o n c e p t  i s  shown 
i n  f i g u r e  20 .  
s u c h  as 304 s t a i n l e s s  s t e e l  w i r e  1 m i l  i n  d i a m e t e r ,  s u p p o r t i n g  a 
g a s  b a r r i e r  such  as P B I  f i l m .  The pump f o r  t h i s  a n a l y s i s  i s  as- 
sumed t o  b e  a s i n g l e - s t a g e ,  c e n t r i f u g a l  t y p e  d e v e l o p i n g  a 4 .5  pres-  
s u r e  r a t i o ,  d r i v e n  by  a n  e l e c t r i c  m o t o r  powered by  a n  RTG s u p p l y .  
The pump r e q u i r e s  more t h a n  2 h r  t o  add s u f f i c i e n t  b a l l a s t  ( approx-  
i m a t e l y  60 l b )  t o  c r e a t e  a d e s c e n t  v e l o c i t y  s u f f i c i e n t  t o  m a i n t a i n  
momentum and t h u s  c y c l e  t o  a low a l t i t u d e .  

F o r  t h e  g a s  dump method o f  c y c l i n g ,  i n t e r n a l  compar tmen t s ,  con-  
s t r u c t e d  o f  P B I  f i l m ,  e a c h  compar tment  s i z e d  f o r  t h e  amount  o f  g a s  
t o  b e  dumped, c o u l d  b e  u s e d .  Each " i n t e r n a l "  b a l l o o n  would be  
v e n t e d  on command f o r  t h e  d e s c e n t  p o r t i o n  o f  e a c h  c y c l e .  T h i s  
would e n s u r e  t h a t  t h e  p r o p e r  amount of g a s  was dumped and  e l i m i n a t e  
t h e  l o s s  o f  g a s  i n  e x c e s s  o f  t h a t  d e r i v e d  t h r o u g h  v a l v i n g  s i n c e  
t h e  e x h a u s t e d  compar tment  would a c t  a s  t h e  g a s  s e a l .  T h i s  a r r a n g e -  
ment  c r e a t e s  c o m p l e x i t y  i n  t h e  i n i t i a l  i n f l a t i o n  s e q u e n c e  s i n c e  
t h e  compar tments  would have  t o  be  i n f l a t e d  b e f o r e  t h e  main  b a l l o o n  
and  i s o l a t e d  a f t e r  b e i n g  i n f l a t e d .  

Three  b a l l o o n  ma te r i a l s  were c o n s i d e r e d  f o r  t h i s  m i s s i o n  a s  
shown i n  t a b l e  1 9 .  Mylar  i s  n o t  c o m p a t i b l e  w i t h  t h e  h i g h  t emper -  
a t u r e s  e n c o u n t e r e d  w h i l e  c y c l i n g  t o  low a l t i t u d e s .  



T h e r e  i s  n o t  s u f f i c i e n t  t e c h n o l o g y  f o r  e i t h e r  PBI o r  Kapton  
t o  p roduce  more t h a n  j u s t  a c o n c e p t u a l  i d e a  o f  a b a l l o o n  u s i n g  
them a s  t h e  f i l m .  However, a v e r y  c o n s e r v a t i v e  a p p r o a c h  t o  s t r e s s  
l e v e l s ,  600 p s i ,  was used  f o r  t h e  b a l l o o n  d e s i g n s  a n d  r e s u l t i n g  
w e i g h t s .  It a p p e a r s  t h a t  a w e i g h t  d i f f e r e n c e  o f  a p p r o x i m a t e l y  
15 t o  20 l b  e x i s t s  be tween t h e s e  two f i l m s .  T h i s  i s  n o t  s u f f i -  
c i e n t  t o  s e l e c t  e i t h e r  a s  optimum. PBI d o e s  h a v e  t h e  h i g h e r  op -  
e r a t i n g  t e m p e r a t u r e  l i m i t  a n d ,  t h e r e f o r e ,  would a p p e a r  t o  b e  a d -  
v a n t a g e o u s  t o  u s e  i n  t h e  unknown Venus ian  a t m o s p h e r e  a t  low a l t i -  
t u d e s .  

TELECOMMUNICATIONS SUB SY STEM 

A s i m p l e  b l o c k  d i ag ram o f  t h e  b a s e l i n e  t e l e c o m m u n i c a t i o n s  sub -  
sys t em i s  shown i n  f i g u r e  2 1 .  T h i s  s u b s y s t e m  f e a t u r e s  a n  i n t e -  
g r a t e d  c o h e r e n t  command, r a n g i n g ,  and  t e l e m e t r y  a p p r o a c h  f o r  t h e  
B V S I o r b i t e r  l i n k s .  Dual  s u b c a r r i e r s  f o r  t e l e m e t r y  and  command, 
a n d  a p s e u d o n o i s e  t u r n a r o u n d  r a n g i n g  code  a r e  u s e d .  F o r  t h e  d r o p  
sonde  t o  s t a t i o n  l i n k  noncoheren t  f r e q u e n c y  s h i f t  key  m o d u l a t i o n  
i s  u s e d .  

Use o f  d a t a  c o m p r e s s i o n  on p i c t u r e  and  " s c a n n i n g - i n s t r u m e n t ' '  
d a t a  p l u s  c a r e  i n  p rograming  t h e  a c q u i s i t i o n  and  t r a n s m i s s i o n  o f  
d a t a  h a s  r e s u l t e d  i n  e l i m i n a t i n g  t h e  need f o r  a t a p e  r e c o r d e r ;  
o n l y  c o r e  memories  a r e  u s e d .  

F o l l o w i n g  i s  a more d e t a i l e d  d e s c r i p t i o n  o f  t h e  v a r i o u s  t e l e -  
communica t ions  s u b s y s t e m s  and  a d e t a i l e d  s e q u e n c e  o f  e v e n t s  f o r  
b o t h  a c y c l i c  and  n o n c y c l i c  s t a t i o n  b e g i n n i n g  w i t h  s e p a r a t i o n  o f  
t h e  s t a t i o n  from t h e  a e r o s h e l l .  The s e q u e n c e s  a r e  c a r r i e d  thro l lnh  
s e v e r a l  o r b i t s  and c o n c l u d e  wi th  f i n a l  s t a t i o n  d e s c e n t .  

" b  

V a r i o u s  d e s i g n  a n a l y s e s ,  problem a r e a s  and  t r a d e o f f s  are d i s -  
c u s s e d  i n  t h e  a n a l y s i s  and t r a d e o f f  s e c t i o n  w h i c h . f o l l o w s  t h e  sub-  
sys t em d e s c r i p t i o n .  

Data  Management 

O p e r a t i n g  modes and  sequences .  - The s t a t i o n  o p e r a t e s  i n  s e v -  
e r a l  modes t h a t  a r e  f o r  t h e  most p a r t  command m o d i f i c a t i o n s  t o  a 
f i x e d  program.  I n i t i a l  t u r n  on o f  t h e  sys t em o c c u r s  a t  s e p a r a t i o n  
f rom t h e  a e r o s h e l l .  Deployment and  e n g i n e e r i n g  d a t a  a r e  t h e n  t r a n s -  
m i t t e d  by t h e  t e l e m e t r y  t r a n s m i t t e r  f o r  a f i x e d  p e r i o d  o f  20 min .  
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The s t a t i o n  t h e n  r e l e a s e s  a small d r o p  sonde  and  e n t e r s  t h e  s c i e n c e  
d a t a  mode i n  whi.ch s c i e n c e  d a t a  a r e  sampled  and  s t o r e d  a t  f i x e d  
i n t e r v a l s  i n  c o r e  s t o r a g e  u n t i l  t h e  o r b i t e r  a g a i n  comes i n t o  com- 
m u n i c a t i o n  r a n g e .  

Once communica t ions  have  been  e s t a b l i s h e d ,  t h e  o r b i t e r  commands 
a r a n g i n g  o p e r a t i o n .  F o l l o w i n g  r a n g i n g ,  t h e  o r b i t e r  commands a 
d a t a  r e a d o u t  s equence  t o  o c c u r .  Should  no r e a d o u t  command b e  r e -  
c e i v e d  w i t h i n  a g i v e n  p e r i o d  by t h e  s t a t i o n  a f t e r  e s t a b l i s h i n g  
communica t ions ,  a programed r e a d o u t  w i l l  o c c u r .  A f t e r  a f i x e d  
p e r i o d  of d a t a  t r a n s m i s s i o n ,  t h e  r a n g i n g  mode i s  a g a i n  e n e r g i z e d ,  
t h u s  p r o v i d i n g  two r a n g i n g  samples p e r  o r b i t  t o  be used  i n  d e t e r -  
min ing  s t a t i o n  p o s i t i o n .  

The o r b i t a l  s equence  o f  s t o r i n g  and  t r a n s m i t t i n g  s c i e n c e  d a t a  
i s  mod i f i ed  a t  i n t e r v a l s  by  t h e  r e l ease  o f  a d r o p  sonde  t h a t  t r a n s -  
m i t s  d a t a  t o  t h e  s t a t i o n  a t  a r a t e  o f  25 BPS w h i l e  f a l l i n g  t o  t h e  
s u r f a c e .  The sonde  d a t a  s t o r e d  on t h e  s t a t i o n  r e p l a c e  Group I11 
s c i e n c e  d a t a  and  a r e  r e a d  o u t  o n c e  p e r  o r b i t  u n t i l  t h r e e  r e a d o u t s  
h a v e  t aken  p l a c e .  

A t y p i c a l  s equence  o f  e v e n t s  i s  shown i n  t a b l e  2 0 ,  wh ich  i n -  
v o l v e s  a comple t e  e x e r c i s e  o f  a l l  s c i e n c e  e x p e r i m e n t s .  I n  a d d i -  
t i o n ,  t a b l e  2 1  shows t h e  a d d i t i o n a l  s equence  o f  e v e n t s  f o r  a cy-  
c l i c  s t a t i o n .  The f i n a l  o p e r a t i o n  i n  t h e  s c i e n c e  mode i s  f i n a l  
d e s c e n t ,  which  i s  t r i g g e r e d  on command f rom t h e  o r b i t e r .  D e s c e n t  
t a k e s  p l a c e  o v e r  a p p r o x i m a t e l y  t h r e e  o r b i t a l  p e r i o d s  and  i s  con-  
t r o l l e d  by r e l e a s e  o f  g a s  f rom t h e  b a l l o o n .  D u r i n g  t h i s  p e r i o d ,  
s p e c i f i e d  i n s t r u m e n t s  a r e  sampled a t  h i g h e r  r a t e s  d e t e r m i n e d  by  
p r e s s u r e  o r  t e m p e r a t u r e  i n c r e m e n t s .  

Data  management s u b s y s t e m .  - The d a t a  management sys t em i s  
shown i n  b l o c k  d i ag ram form i n  f i g u r e  2 2 ;  i t  i s  made up o f  a p r o -  
g r a m e r / s e q u e n c e r ,  which  c o n t r o l s  a l l  o p e r a t i o n a l  f u n c t i o n s ;  a g roup  
of d i g i t a l  c o n v e r s i o n  u n i t s ,  which c o n v e r t  t h e  a n a l o g  i n s t r u m e n t  
d a t a  t o  d i g i t a l  o u t p u t s ;  and  a s e r i e s  o f  c o r e  memory s y s t e m s  t o  
r e t a i n  the  d a t a  u n t i l  a r e a d o u t  i s  commanded. 

The p r o g r a m e r / s e q u e n c e r  c o n s i s t s  o f  a master t i m i n g  o s c i l l a t o r  
and d i v i d e r ,  a s p a c e c r a f t  t i m e  g e n e s a t o r ,  a f e e d b a c k  s h i f t  r e g i s t e r  
s c q u e n c c r  (which  may be m o d i f i e d  by command i n p u t s ) ,  a sync  g e n e r -  
a t o r ,  and a program c o n t r o l  r e g i s t e r .  These  e l e m e n t s  w i t h  t h e i r  
a s s o c i a t e d  c o n t r o l  l o g i c  c o n t r o l  a l l  s t a t i o n  s e q u e n c e  and  program 
r u n c l i o n s .  F o r  a n y  t ime  i n c r e m e n t ,  a s p e c i f i c  i n s t r u m e n t  i s  t u r n e d  
on,  i L  i n p u t s  d a t a  t o  a n  a n a l o g - t o - d i g i t a l  c o n v e r t e r ,  and  t h e  d i g -  
iLa l  o r i ~ p u ~  i s  p l a c e d  i n t o  a c o r e  memory. Upon r e c e i p t  o f  a r e a d o u t  



command, t h e  p r o g r a m e r / s e q u e n c e r  c a u s e s  t h e  d a t a  s e l e c t o r  t o  con-  
n e c t  t h e  c o r e  memories  t o  t h e  d a t a  o u t p u t  b u s  i n  a p r e e s t a b l i s h e d  
sequence  and  p r e c e d e s  t h e  d a t a  w i t h  t h e  r e q u i r e d  sync  i n f o r m a t i o n .  

D i g i t a l  c o n v e r s i o n  i s  accompl i shed  b y  s u c c e s s i v e  a p p r o x i m a t i o n  
d e v i c e s  o f  two t y p e s .  The f i r s t  i s  a n  a n a l o g - t o - d i g i t a l  (A/D)  
c o n v e r t e r )  whose i n p u t  i s  p r o v i d e d  by a n  a n a l o g  m u l t i p l e x e r )  t h e  
second i s  a v a r i a t i o n  o f  t h e  f i r s t  r e f e r r e d  t o  a s  a m u l t i v e r t e r  
i n  t h a t  t h e  a n a l o g  m u l t i p l e x e r  i s  i n h e r e n t  i n  t h e  c o n v e r t e r  a n d  
i s  d e s i g n  l i m i t e d  t o  l e s s  t h a n  s i x  a n a l o g  i n p u t  c h a n n e l s .  

The c o r e  memory s y s t e m s  a r e  a l l  o f  t h e  s e r i a l - s e q u e n t i a l  t y p e  
t h a t  p r o d u c e s  lower power and  s i m p l e r  l o g i c  r e q u i r e m e n t s .  Each  
memory i s  s i z e d  t o  c o n t a i n  d a t a  s u p p l i e d  f rom s p e c i f i c  i n s t r u m e n t s  
i n v o l v e d  i n  g i v e n  o p e r a t i n g  modes, t h u s  s i m p l i f y i n g  t h e  r e a d o u t  
l o g i c .  F u r t h e r  d e t a i l s  o f  t h e  memory s y s t e m  are  t r e a t e d  i n  the  
t r a d e o f f  s e c t i o n  o f  t h i s  r e p o r t .  

Data c o m p r e s s i o n  i s  accompl i shed  f o r  t h e  s c a n n i n g  t y p e  i n s t r u -  
men t s  by  a z e r o - o r d e r - i n t e r p o l a t o r  t h a t  d i s c a r d s  r e d u n d a n t  d a t a ,  
w h i c h  a r e  d e f i n e d  as  l y i n g  w i t h i n  a g i v e n  p e r c e n t a g e  o f  t h e  l a s t  
d a t a  p o i n t  t h a t  exceeded  the  l i m i t s .  A small  b u f f e r  s t o r e  r e t a i n s  
t h e  new d a t a  p o i n t  and  compares  i t  t o  e a c h  o f  t h e  s u c c e e d i n g  Sam- 
p l e s .  A sample  t h a t  e x c e e d s  t h e  l i m i t s  r e p l a c e s  t h e  one  i n  t h e  
b u f f e r  s t o r e  and i s  a l s o  p l a c e d  i n  t h e  memory. 

O p e r a t i o n a l  d e s c r i p t i o n .  - Dur ing  t h e  f i r s t  o r b i t ,  Group I 
s c i e n c e  and  e n g i n e e r i n g  i n s t r u m e n t s )  and t h e  mass s p e c t r o m e t e r  a re  
a c t i v e  and  w i l l  b e  sampled s i x  t i m e s .  These  d a t a  p o i n t s  a r e  s t o r e d  
i n  c o r e  memory s y s t e m  "A," which i s  r e a d  o u t  w i t h  t h e  small d r o p  
sonde  d a t a  when t h e  o r b i t e r  comes w i t h i n  communica t ion  r a n g e .  

Subsequen t  o r b i t a l  p e r i o d s  h a v e  o n l y  t he  Group I s c i e n c e  and  
e n g i n e e r i n g  i n s t r u m e n t a t i o n  a c t i v e ,  wh ich  a r e  sampled  a t  a s i x  
t imes  p e r  o r b i t  r a t e  o r  a p p r o x i m a t e l y  one  sample  p e r  0 .75  h r .  The 
mass s p e c t r o m e t e r  w i l l  b e  a c t i v a t e d  o n l y  on  r e c e i p t  o f  a Group I1 
command. Dur ing  a n y  g i v e n  r e a d o u t  p e r i o d ,  t h e  Group I s c i e n c e  a n d  
e n g i n e e r i n g  p r o d u c e s  a r e a l - t i m e  sample  t h a t  i s  t h e n  f o l l o w e d  b y  
t h e  s t o r e d  d a t a  f rom t h e  p r e c e d i n g  o r b i t a l  p e r i o d ;  b o t h  rea l - t ime 
a n d  s t o r e d  d a t a  a re  r e a d  o u t  a minimum o f  t h r e e  t i m e s .  

An assumed sequence  o f  o p e r a t i o n s  i s  shown i n  f i g u r e s  23 and  
. 2 4 .  It h a s  been  assumed tha t  Groups  I1 and  I11 were commanded o n  
a t  t h e  s t a r t  o f  t h e  t h i r d  o r b i t .  

2 1  



Succeed ing  o r b i t a l  p e r i o d s  i n v o l v e  o n l y  t h e  a d d i t i o n  o f  Group 
I11 d a t a  f o r  wh ich  a new sample  i s  t a k e n  e v e r y  t h i r d  o r b i t .  Upon 
r e c e i p t  o f  a Group I I A f I I B  command, o n e  v i d i c o n  m i c r o s c o p e  p h o t o  
and  one  b i o l o g i c a l  l a b o r a t o r y  sample  w i l l  be t a k e n  e a c h  o r b i t ,  
t h e  d a t a  a c c u m u l a t i o n  and  t r a n s m i s s i o n  r e q u i r e m e n t s  a r e  a s  shown 
i n  f i g u r e  2 5 .  A t  o r b i t  4 1 ,  t h e  l a s t  b i o l o g i c a l  l a b o r a t o r y  sample  
i s  r e a d  o u t ,  and  t h e  sys t em r e t u r n s  t o  t h e  Group I s c i e n c e  and  
e n g i n e e r i n g  and  Group I11 r e a d o u t  c y c l e .  

Drop sonde  d a t a  r e p l a c e  Group 111 d a t a  whenever  such  o p e r a -  
t i o n s  are  commanded. The d a t a  c o n t r i b u t i o n s  a r e  n e a r l y  i d e n t i c a l  
a n d  t h u s  m a k e s  p o s s i b l e  t h e  s h a r i n g  o f  memory s y s t e m  " C . "  

During  d e s c e n t ,  t h e  d a t a  a c c u m u l a t i o n  r i s e s  t o  25 k i l o b i t s  
i n  memory sys t em "A,"  t h u s  e i t h e r  t h a t  memory must  b e  s i z e d  f o r  
f i n a l  d e s c e n t  d a t a ,  o r  t h e  d a t a  s t o r e d  i n  memory s y s t e m  "D," 
which  i s  i n a c t i v e  d u r i n g  t h e  d e s c e n t .  The l a t t e r  i s  t h e  mos t  
a t t r a c t i v e  i n  t h a t  no e x c e s s  memory c a p a c i t y  i s  r e q u i r e d  t o  s a t i s -  
f y  a s h o r t  t i m e  r e q u i r e m e n t .  The d a t a  c o n t r i b u t i o n s  p e r  o r b i t a l  
p e r i o d  f o r  t h e  d e s c e n t  mode a r e  g i v e n  be low:  

Group I f  s c i e n c e  and  e n g i n e e r i n g  4500 b i t s  

D e s c e n t  s c i e n c e  (15  s e c )  2100 b i t s  

D e s c e n t  s c i e n c e  ( 5  samples )  140 b i t s  

D e s c e n t  e n g i n e e r i n g  (15 s e c )  2100 b i t s  

D e s c e n t  e n g i n e e r i n g  ( 5  samples )  140 b i t s  

A l t i m e t e r  (5  samples )  70 b i t s  

Mass s p e c t r o m e t e r  ( 4  samples )  1 6  000 b i t s  

L i g h t  b a c k s c a t t e r  (5  samples )  350 

T o t a l  f o r  memory "A" o r  "D" 25 400 

I R  s p e c t r o m e t e r  ( 4 )  40 000 b i t s  
memory " C  " 

The i n t r o d u c t i o n  o f  a c y c l i c  mode r e q u i r e s  some c h a n g e s  i n  
t h e  n o n c y c l i c  s t a t i o n .  The o p e r a t i o n  i s  s imi l a r  t o  t h e  d e s c e n t  
mode d e s c r i b e d  p r e v i o u s l y ,  f o u r  s c i e n c e  a n d  f o u r  e n g i n e e r i n g  i n -  
s t r u m e n t s  are  sampled a t  d i s c r e t e  p r e s s u r e  and  t e m p e r a t u r e  i n c r e -  
m e n t s  i n  a d d i t i o n  t o  t h e  normal  t i m e - b a s e d  i n s t r u m e n t  s a m p l e s .  
In a d d i t i o n ,  t h e  d e s c e n t  i n s t r u m e n t s  a r e  sampled  a t  a h i g h  r a t e  
i m m e d i a t e l y  f o l l o w i n g  t h e  r e c e i p t  o f  t h e  c y c l i c  mode command f o r  
a p e r i o d  of  1 5  s e c  and  a g a i n  o n  a r r i v a l  a t  t h e  minimum a l t i t u d e .  
Data a c c u m u l a t i o n s  f o r  t h e  c y c l i c  mode a r e  a s  f o l l o w s :  
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I n i t i a l  s c i e n c e  2100 b i t s  

I n i t i a l  e n g i n e e r i n g  2100 b i t s  

D e s c e n t  s c i e n c e  (20 samples)  560 b i t s  

D e s c e n t  e n g i n e e r i n g  (20 samples )  560 b i t s  

Minimum a l t i t u d e  s c i e n c e  2100 b i t s  

Minimum a l t i t u d e  e n g i n e e r i n g  2100 b i t s  

A s c e n t  s c i e n c e  (20 samples)  560 b i t s  

A s c e n t  e n g i n e e r i n g  (20 s a m p l e s )  560 b i t s  

A 1  t ime t e r  

T o t a l  

1400 b i t s  

1 2  040 b i t s  

Communicat ions L i n k s  

The command l i n k  p l a y s  a v i t a l  r o l e  i n  t h e  s u c c e s s  o f  t h e  m i s -  
s i o n  w i t h  t h e  a p p r o a c h  t a k e n  f o r  t h i s  s t a t i o n .  The s t a t i o n  com- 
mand r e c e i v e r  s e a r c h e s  c o n t i n u o u s l y  f o r  t h e  o r b i t e r  command c a r -  
r i e r  u n t i l  i t  l o c k s  on ,  t h i s  c a u s e s  t h e  s t a t i o n  t e l e m e t r y  t r a n s -  
m i t t e r  t o  b e  t u r n e d  o n .  Meanwhile ,  t h e  o r b i t e r ' s  r e c e i v e r ,  which  
h a s  b e e n  s e a r c h i n g  f o r  t h e  s t a t i o n  t r a n s m i t t e r  s i g n a l ,  c a n  now 
a c q u i r e  t h e  s t a t i o n ' s  s i g n a l .  

A t  l o c k  o n ,  t h e  o r b i t e r  commands a r a n g i n g  mode and  t h e n  be -  
g i n s  t r a n s m i t t i n g  a PN r a n g i n g  c o d e  f o r  a f i x e d  p e r i o d  t o  measu re  
t h e  round t r i p  r a n g e  t o  t h e  s t a t i o n .  The command t o  t r a n s m i t  
t e l e m e t r y  d a t a  i s  t h e n  g i v e n  and t h e  s t a t i o n  b e g i n s  t r a n s m i s s i o n  
o f  d a t a  t o  t h e  o r b i t e r .  A f t e r  a f i x e d  i n t e r v a l ,  t h e  o r b i t e r  com- 
mands a n o t h e r  r a n g i n g  measurement  t h a t  c o n t i n u e s  u n t i l  t h e  maxi- 
mum s t a t i o n  t r a n s m i t t e r  "on" t i m e  h a s  b e e n  t e a c h e d  o r  u n t i l  t h e  
o r b i t e r  moves o u t  o f  communica t ions  r a n g e .  The s t a t i o n  t r a n s -  
mi t t e r  i s  t u r n e d  o f f  by t h e  s t a t i o n  c e n t r a l  p rog ramer  s e q u e n c e r .  

S t a t i o n  t o  o r b i t e r  l i n k .  - The s t a t i o n  t o  o r b i t e r  t e l e m e t r y  
l i n k  o p e r a t e s  a t  1000 BPS u s i n g  7 - b i t  p e r  word NRZ f o r m a t  d u r i n g  
a l l  d a t a  t r a n s m i s s i o n  modes.  A 40-W., ~ O O - M H Z ,  s o l i d - s t a t e  t r a n s -  
m i t t e r  i s  phase -modu la t ed  by t h e  sum o f  two c o h e r e n t  s u b c a r r i e r s  
a s  shown i n  f i g u r e  2 6 .  The lower f r e q u e n c y  s u b c a r r i e r  i s  modu- 
l a t e d  by  a s q u a r e  wave a t  h a l f  t h e  b i t  r a t e  a n d  t h e  u p p e r  sub -  
c a r r i e r  t h a t  i s  t w i c e  t h e  f r e q u e n c y  o f  t h e  lower  s u b c a r r i e r  i s  
modu la t ed  b y  t h e  d a t a .  
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A t  t h e  r e c e i v i n g  e n d ,  t h e  c a r r i e r  p h a s e  l o c k  l o o p  l o c k s  o n t o  
t h e  incoming c a r r i e r ,  t h e  l o w e r  f r e q u e n c y  s u b c a r r i e r  i s  d o u b l e d  
a n d  t r a c k e d  u s i n g  a p h a s e  l o c k  l o o p  t o  p r o v i d e  a VCO r e f e r e n c e  
f o r  d e m o d u l a t i n g  t h e  d a t a  s u b c a r r i e r .  Unambiguous b i t  s y n c  i s  
d e r i v e d  i n  t h e  second p h a s e  l o c k  l o o p  and  t h e  d a t a  a r e  r e c o v e r e d  
from t h e  d a t a  c h a n n e l  u s i n g  a matched f i l t e r  ( i n t e g r a t e  and  dump) 
a s  shown i n  f i g u r e  2 7 .  

The l o w e s t  f r e q u e n c y  s u b c a r r i e r  o p e r a t e s  a t  1 6  KHz t o  a l l o w  
a n  a d e q u a t e  band f o r  t h e  c a r r i e r  s e a r c h  mode. I f  t h e  s u b c a r r i e r  
were p l a c e d  t o o  c l o s e  t o  t h e  c a r r i e r ,  t h e  c a r r i e r  l o o p  c o u l d  l o c k  
o n t o  t h e  s u b c a r r i e r  i n s t e a d  o f  t h e  c a r r i e r .  

T a b l e  2 2  shows l i n k  m a r g i n s ,  t h r e s h o l d s ,  s y s t e m  t e m p e r a t u r e ,  
a d v e r s e  t o l e r a n c e s  a n d  o t h e r  l i n k  c h a r a c t e r i s t i c s  f o r  a maximum 
r a n g e  of  14 000 km. T a b l e  2 3  i s  a t a b u l a t i o n  o f  t h e  e n g i n e e r i n g  
d a t a  t r a n s m i t t e d  o v e r  t h e  l i n k .  

The s t a t i o n  a n t e n n a  i s  a q u a d r u p o l e  c a v i t y - b a c k e d  s l o t  a r r a y  
l o c a t e d  on t h e  t o p  of t h e  g o n d o l a  and a r r a n g e d  t o  g i v e  e i t h e r  hemi -  
s p h e r i c a l  c o v e r a g e  o r  low e l e v a t i o n  c o v e r a g e  d e p e n d i n g  on t h e  phas -  
i n g  o f  the e l e m e n t s .  

The a n t e n n a  i s  d e s c r i b e d  f u r t h e r  in t h e  a n a l y s i s  a n d  t r a d e o f f  
s e c t i o n  o f  t h i s  v o l u m e ,  

Command l i n k .  - The command l i n k  o p e r a t e s  a t  a f r e q u e n c y  o f  
3 7 0  M€z and a b i t  r a t e  o f  50 BPS. The o r b i t e r  t r a n s m i t t e r  i s  
s o l i d  s t a t e ,  w i t h  a power o u t p u t  o f  2 0  W .  F o r  r a n g i n g  ( a s  shown 
l a t e r )  40 W i s  r e q u i r e d .  

Two s u b c a r r i e r s  a r e  used  a s  i n  t h e  s t a t i o n  t o  o r b i t e r  t e l e m -  
e t r y  l i n k .  The two-channe l  m o d u l a t o r  and d e m o d u l a t o r  a r e  i d e n -  
t i c a l  in p r i n c i p l e  o f  o p e r a t i o n  t o  t h o s e  f o r  t h e  t e l e m e t r y  l i n k .  
The b i t  r a t e  however i s  50 i n s t e a d  o f  1000 BPS. 

The s t a t i o n  r e c e i v e r  sweeps i n  s e a r c h  o f  t h e  o r b i t e r ' s  command 
c a r r i e r ,  t h u s  l i k e  t h e  t e l e m e t r y  l i n k  t h e  l o w e s t  f r e q u e n c y  sub-  
c a r r i e r  must b e  p l a c e d  w e l l  o u t s i d e  t h e  sweep band t o  p r e v e n t  t h e  
c a r r i e r  t r a c k i n g  l o o p  from l o c k i n g  o n t o  t h e  s u b c a r r i e r  o r  one o f  
t h e  m o d u l a t i o n  s i d e b a n d s .  L i n k  c a l c u l a t i o n s  and  c h a r a c t e r i s t i c s  
a r e  shown i n  t a b l e  2 4 .  The l i n k  m a r g i n  u n d e r  w o r s t - c a s e  t o l e r a n c e  

- 5  c o n d i t i o n s  m a i n t a i n s  a maximum b i t  e r r o r  p r o b a b i l i t y  o f  1 x 10 . 



Only  r e a l - t i m e  d i s c r e t e  commands have  b e e n  i d e n t i f i e d  a s  i n -  
d i c a t e d  by  t h e  command l i s t ,  t a b l e  23. T h e r e f o r e ,  no command s t o r -  
a g e  h a s  been  p r o v i d e d  i n  t he  s t a t i o n  o t h e r  t h a n  f i x e d  t ime d e l a y s  
i n  i n i t i a t i o n  o f  s e q u e n c e s .  

It a p p e a r s  t h a t  a f i x e d  m a t r i x  d e c o d e r  i s  t h e  s i m p l e s t  d e s i g n  
a p p r o a c h  t h a t  i s  c o n s i s t e n t  w i th  t h e  PCM l i n k  c o n s t r a i n t s .  T h i s  
t y p e  o f  d e c o d e r  c o n s i s t s  e s s e n t i a l l y  o f  a p r e w i r e d ,  f i x e d  l o g i c  
m a t r i x  t h a t  d e c o d e s  e a c h  r e c e i v e d  command word and s u p p l i e s  t h e  
a p p r o p r i a t e  s w i t c h i n g  f u n c t i o n .  

F o r  r e l i a b l e  o p e r a t i o n ,  a word f r ame  s t r u c t u r e  o f  two a d d r e s s  
words  f o l l o w e d  by  t h r e e  command words  i s  a p p r o p r i a t e .  Each a d -  
d r e s s  word i s  made up o f  two "ones"  and  f o u r  " z e r o s , "  w h e r e a s  e a c h  
command d a t a  word c o n s i s t s  o f  f o u r  "ones"  and  f o u r  " z e r o s . "  I f  
t h e  words  do n o t  meet t h e  above  b i t  r a t i o  c r i t e r i a  t h e  command i s  
r e j e c t e d .  

Ranging  o r b i t e r  t o  s t a t i o n .  - Ranging  measu remen t s  be tween  t h e  
o r b i t e r  and  t h e  s t a t i o n  a r e  made by u s i n g  t h e  command and  t e l e m e t r y  
l i n k s  t o  p r o v i d e  a t u r n a r o u n d  r a n g i n g  c a p a b i l i t y .  

F o l l o w i n g  two-way c a r r i e r  l o c k ,  a r e p e t i t i v e  command i s  t r a n s -  
m i t t e d  t o  t h e  s t a t i o n  t o  s w i t c h  t h e  command r e c e i v e r  i n t o  t h e  
r a n g i n g  mode. The o r b i t e r  t hen  b e g i n s  t r a n s m i s s i o n  o f  a PN r a n g -  
i n g  code ,  wh ich  i s  r e c e i v e d  by t h e  s t a t i o n  a n d  r e t r a n s m i t t e d  o n  
t h e  t e l e m e t r y  l i n k .  The t i m e  r e q u i r e d  f o r  t h e  s p a c e c r a f t  t o  a c -  
q u i r e  t h e  code  d e p e n d s  o n  t h e  r e c e i v e d  code  power,  t h e  d e s i r e d  
e r r o r  p r o b a b i l i t y ,  and  t h e  compos i t e  code  s t r u c t u r e .  Golomb ( r e f .  
1) h a s  shown t h e  a c q u i s i t i o n  t i m e  c a n  be  min imized  b y  u s i n g  sev- 
e r a l  subcode  e l e m e n t s  a n d  a c q u i r i n g  t h e  e l e m e n t s  i n  s e q u e n c e .  For  
example ,  i f  t h r e e  c o d e s  a r e  b e i n g  used  o f  l e n g t h  p P and p3 ,  

a t  most  

I f  a s i n g l e  component code  o f  t h e  same l e n g t h  i s  u s e d ,  t h e  number 
o f  t r i a l s  f o r  a c q u i s i t i o n  would b e  

i n  t h e  c a s e s  when a c q u i s i t i o n  t i m e  i s  t o  be  r e d u c e d ,  a m u l t i p l e  
component code  s h o u l d  b e  u s e d ,  The code  l e n g t h  s h o u l d  a l s o  e x c e e d  
t w i c e  t h e  maximum round  t r i p  t i m e  t o  p r o v i d e  unambiguous r a n g e  d a t a .  

1, 2 
p1 + p2 -k p3 t r i a l s  a r e  r e q u i r e d  t o  a c q u i r e  t h e  c o d e .  

p1 x p2 x p3.  C o n s e q u e n t l y ,  

F o r  t h e  p a r t i c u l . a r  c a s e  under  c o n s i d e r a t i o n ,  t h e  d e s i r e d  r a n g e  
a c c u r a c y  i s  22 km. 
o r  a t r a n s m i s s i o n  r a t e  o f  18 750 Hz.  

T h e r e f o r e ,  t h e  PN b i t  r a t e  must  b e  3 7  700  BPS 
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The  r a n g i n g  l i n k  c a l c u l a t i o n s  a r e  shown i n  t a b l e  2 6 .  The 40-W 
down- l ink  power i s  r e q u i r e d  t o  o b t a i n  a n  a d e q u a t e  SNR i n  t h e  r a n g -  
i n g  channe l  and c a r r i e r  t r a c k i n g  l o o p  a t  a p o a p s i - s .  
d e s i r a b l e  t o  o p t i m i z e  t h e  m o d u l a t i o n  i n d e x  t o  e n s u r e  e q u a l  m a r g i n s  
i n  t h e  c a r r i e r  and rangi r :g  c h a n n e l s .  However,  b e c a u s e  o f  t h e  
v a r i a t i o n  i n  t h e  r a n g i n g  c h a n n e l ' s  m o d u l a t i o n  i n d e x  w i t h  SNR, t h i s  
i s  n o t  p o s s i b l e .  C o n s e q u e n t l y  t h e  maximum u p - l i n k  m o d u l a t i o n  i n -  
d e x  w a s  s e l e c t e d  a t  1.1 r a d  t o  e n s u r e  t h a t  c a r r i e r  s u p p r e s s i o n  
d o e s  n o t  t a k e  p l a c e  unde r  h i g h  SNRs. T h i s  would r e s u l t  i n  a n  
e q u i v a l e n t  r a n g i n g  m o d u l a t i o n  i n d e x  o f  1 . 0 9  r a d  i f  t h e  s t a t i o n  
h a p p e n s  t o  d r i f t  unde r  p e r i a p s i s .  The u p - l i n k  n o i s e ,  wh ich  a l s o  
m o d u l a t e s  t h e  t r a n s m i t t e r ,  v a r i e s  a s  t h e  SNR i n  t h e  r a n g i n g  chan-  
n e l  c h a n g e s .  T h i s  c a u s e s  a n  i n c r e a s i n g  n o i s e  m o d u l a t i o n  l o s s  o n  
t h e  up  l i n k  a s  t h e  down-linlc SNR d e c r e a s e s .  F o r  t h e  l i n k  param- 
e t e r s  p r e s e n t e d  i n  t a b l e  2 6 ,  t h i s  h a s  r e s u l t e d  i n  a 1 . 9 2  dB mod- 
u l a t i o n  l o s s  b e c a u s e  o f  n o i s e .  

I t  would be  

The above d i f f i c u l t i e s  c a n  be a v o i d e d  a t  t h e  e x p e n s e  o f  s t a -  
t i o n  c o m p l e x i t y  and a c q u i s i t i o n  t i m e  by  r e g e n e r a t i n g  t h e  code  a t  
t h e  s t a t i o n .  T h i s  would e l i m i n a t e  t h e  v a r i a t i o n  o f  m o d u l a t i o n  
i n d e x  w i t h  r a n g e ,  t h e  n o i s e  m o d u l a t i o n  p rob lem,  and  would r e q u i r e  
l e s s  s p a c e c r a f t  t r a n s m i t t e r  power.  However, i t  would be  p r e m a t u r e  
t o  p o s t u l a t e  t h e  r e q u i r e m e n t  f o r  t h i s  a p p r o a c h  u n t i l  d e t a i l e d  t r a d e -  
o f f s  a r e  made be tween t h e  two s y s t e m s .  

Drop s o n d e - t o - s t a t i o n  l i n k .  - The d r o p  s o n d e - t o - s t a t i o n  l i n k  
o p e r a t e s  a t  25 BPS a t  a f r e q u e n c y  of  300 MHz. 

Noncoherent  FSK i s  t h e  m o d u l a t i o n  u s e d .  S e p a r a t e  nark and  
s p a c e  f i l t e r s  f o l l o w e d  by e n v e l o p e  d e t e c t o r s  and  a d e c i s i o n  c i r -  
c u i t  a r e  r e q u i r e d  t o  demodu la t e  t h e  s i g n a l .  T h i s  i s  f o l l o w e d  by 
b i t  by  b i t  d e t e c t i o n  i n  t h e  s t a t i o n ,  a n d  t h e  d a t a  a r e  p l a c e d  i n  
t h e  s t a t i o n  c o r e  s t o r a g e  i n  a b i t  s e r i a l  f a s h i o n .  

The t o t a l  number o f  b i t s  t r a n s m i t t e d  and  s t o r e d  i s  a f u n c t i o n  
o f  t h e  t i m e  t h e  d r o p  sonde  t a k e s  t o  r e a c h  t h e  s u r f a c e .  Assuming 
1 h r  f o r  d e s c e n t  t i m e ,  t h e  sonde  w i l l  t r a n s m i t  90  000 b i t s  o f  
d a t a  which a r e  s t o r e d  i n  a 9 0 - k i l o b i t  c o r e  memory. In c a s e  o f  
memory o v e r f l o w ,  t h e  new d a t a  w i l l  r e p l a c e  t h e  o l d .  

The sonde  t r a n s m i t t e r  i s  s o l i d  s t a t e  w i t h  a power o u t p u t  o f  
1 2  mW based  on u n i t y  a n t e n n a  g a i n .  The l i n k  c a l c u l a t i o n s  a r e  
shown i n  t a b l e  2 7 .  

The b i t  r a t e  i n d i c a t e d  i s  a d e q u a t e  t o  h a n d l e  d a t a  f rom t h e  
g r o u p  of s c i e n c e  i n s t r u m e n t s  shown i n  t a b l e  4 p l u s  sonde  e n g i -  
n e e r i n g  d a t a .  
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Telecommunica t ions  S i z e ,  W e i g h t ,  and Power 

S i z e ,  w e i g h t ,  and  power r e q u i r e m e n t s  f o r  t h e  te lecommunica-  
t i o n s  subsys t em a r e  shown i n  t a b l e  2 8 .  The w e i g h t s  shown a r e  
f a r i l y  c o n s e r v a t i v e  and do  not  r e f l e c t  a n t i c i p a t e d  deve lopmen t  
i n  w e i g h t  r e d u c t i o n  o v e r  t h e  n e x t  s e v e r a l  y e a r s .  However,  one  
s h o u l d  a n t i c i p a t e  a l l o c a t i n g  w e i g h t  f o r  t h e  a d d i t i o n  o f  r e d u n d a n t  
r e c e i v e r s ,  t r a n s m i t t e r s ,  e t c . ,  a s  r e q u i r e d  t o  improve  t h e  r e l i -  
a b i l i t y  o f  t h e  s u b s y s t e m .  

Te lecommunica t ions  T r a d e o f  f s 

S e v e r a l  a p p r o a c h e s  were c o n s i d e r e d  i n  s e l e c t i n g  t h e  d a t a  man- 
agement  and  t e l e c o m m u n i c a t i o n s  s u b s y s t e m .  These  a re  d i s c u s s e d  
be low.  

Data Management T r a d e o f  f s .  - 
Data a c c u m u l a t i o n  a n d  s t o r a g e .  - L a r g e  amoun t s  of d a t a  a r e  

a c c u m u l a t e d  a s  a r e s u l t  o f  a Group I I / G r o u p  I11 command. Examina- 
t i o n  of t h e  d a t a  c o n t r i b u t e d  by e a c h  o f  t h e s e  i n s t r u m e n t s  revea ls  
a v e r y  l a r g e  amount o f  redundancy  i s  c o n t r i b u t e d  by  e a c h .  T h i s  
i n d i c a t e s  even  t h e  s i m p l e s t  form o f  d a t a  c o m p r e s s i o n  would p r o d u c e  
s i g n i f i c a n t  r e d u c t i o n  i n  t h e  t o t a l  d a t a  t o  be  t r a n s m i t t e d .  F i g -  
u r e  28  i l l u s t r a t e s  t h e  e f f e c t  o f  a s i m p l e  z e r o  o r d e r  i n t e r p o l a t o r  
( Z O I )  on t h e  t o t a l  d a t a  c o l l e c t e d  p e r  o r b i t  w i t h  a w o r s t - c a s e  com- 
p r e s s i o n  r a t i o  o f  5 : l .  Data c o m p r e s s i o n  w i l l  t h e n  p r o v i d e  a maxi- 
mum d a t a  t r a n s m i s s i o n  p e r i o d  r e q u i r e m e n t  of  l e s s  t h a n  5 min f o r  
a n y  g i v e n  o r b i t  a s  shown i n  t a b l e  2 9 ,  and e l i m i n a t e  t h e  r e q u i r e -  
ment f o r  a t a p e  r e c o r d e r  s i n c e  t h e  d a t a  s t o r a g e  c a n  be  h a n d l e d  
by  c o r e  iileiiiory. 

Group I1 i n s t r u m e n t s  c o n t r i b u t e  269 k i l o b i t s  and  Group I11 
c o n t r i b u t e s  445  k i l o b i t s .  The t o t a l  d a t a  f rom o n e  o r b i t ,  7 1 8 . 5  
k i l o b i t s ,  would r e q u i r e  35 .9  min t o  be t r a n s m i t t e d  t h r e e  t i m e s  a t  
1 KBPS, wh ich  i s  i m p r a c t i c a l .  S i n c e  Group 111 i n s t r u m e n t s  t a k e  
d a t a  o n l y  o n  e v e r y  t h i r d  o r b i t ,  t h o s e  d a t a  c o u l d  be  r e a d  o u t  o n l y  
o n c e  d u r i n g  e a c h  communica t i o n  p e r i o d  , which  wou I d  r e d u c e  t h e  
t r a n s m i s s i o n  t i m e  t o  2 1  min .  A l though  communica t ions  p e r i o d s  a t  
t imes i n  e x c e s s  o f  2 0  min can  be f o r e s e e n ,  t h e  minimum d a t a  t r a n s -  
m i s s i o n  p e r i o d  a v a i l a b l e  a t  times w i l l  b e  l e s s  t h a n  5 min .  Coupled  
t o  t h i s  i s  t h e  problem o f  r e a d i n g  o u t  a t a p e  r e c o r d e r .  Under  s u c h  
c o n d i t i o n s ,  a good p o r t i o n  o f  t h e  t a p e  r e c o r d e r  d a t a  would b e  l o s t  
s i n c e  i t  i s  i m p r a c t i c a l  t o  d e v i s e  means t o  s e l e c t  a p a r t i c u l a r  a r e a  
o f  t a p e  t o  b e  t r a n s m i t t e d  which w a s  m i s s e d  o n  a p r e v i o u s  r e a d o u t .  
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A n o t h e r  f a c t o r  c o n c e r n s  Group I I B ,  wh ich  i n v o l v e s  a s e r i e s  o f  18 
v i d i c o n  mic roscope  p h o t o s ;  even  i f  a p h o t o  i s  p r o c e s s e d  e v e r y  
o t h e r  o r b i t ,  t h e  t r a n s m i s s i o n  t i m e  would b e  e x c e s s i v e .  

A n a l o g - t o - d i g i t a l  c o n v e r t e r s .  - The s e l e c t i o n  o f  s u c c e s s i v e  
a p p r o x i m a t i o n  t y p e  c o n v e r t e r s  i s  b a s e d  o n  t h e  p r e s e n t  d e v e l o p -  
men t s  o f  t h i s  t e c h n i q u e  i n  i n t e g r a t e d  c i r c u i t s .  T h e r e  a r e  many 
o t h e r  t e c h n i q u e s  a v a i l a b l e  t h a t  s a t i s f y  t h e  s t a t i o n  r e q u i r e m e n t s ,  
b u t  none have  r e c e i v e d  t h e  a t t e n t i o n  g i v e n  t h e  s u c c e s s i v e  a p p r o x -  
i m a t i o n  a p p r o a c h .  The r e l a t i v e  s i m p l i c i t y  and  s t a b i l i t y  d e r i v e d  
from t h i s  t y p e  c o n v e r t e r  make i t  a t t r a c t i v e  f o r  most  s p a c e c r a f t  
a p p l i c a t i o n s .  

Communicat ions t r a d e o f f s .  - 

Modula t ion  t e c h n i q u e s  and  l i n k  i n t e g r a t i o n .  - An i n t e g r a t e d  
t e l e m e t r y ,  command, and  r a n g i n g  sys t em was c h o s e n  a s  t h e  b e t t e r  
a p p r o a c h  f o r  severa l  r e a s o n s :  

1) A two-way r a d i o  l i n k  i s  r e q u i r e d  f o r  t e l e m e t r y  and  
command p u r p o s e s  r e g a r d l e s s  o f  a r a n g i n g  r e q u i r e m e n t ;  

2 )  A s e p a r a t e  r a n g i n g  l i n k  r e q u i r e s  d u p l i c a t i o n  o f  t r a n s -  
m i t t e r s  and r e c e i v e r s ,  a d d i t i o n a l  f r e q u e n c y  a l l o c a -  
t i o n s ,  and a n  a d d i t i o n a l  a n t e n n a  o r  r f  m u l t i p l e x i n g  
i n t o  a broadband a n t e n n a ;  

3) A l though  s i m u l t a n e o u s  r a n g i n g  command and d a t a  t r a n s -  
m i s s i o n  may be d e s i r a b l e ,  e x c e s s i v e  power would b e  
r e q u i r e d  t o  o p e r a t e  two two-way l i n k s  s i m u l t a n e o u s l y .  

A c o h e r e n t  PCM/PSK/PM t e l e m e t r y  l i n k  was c h o s e n  o v e r  a non- 
c o h e r e n t  l i n k  b e c a u s e  o f  t h e  need f o r  a r e l a t i v e l y  h i g h  b i t  r a t e  
o v e r  a r ange  o f  14 000 Icm. Even w i t h  d a t a  c o m p r e s s i o n ,  a t e l e m -  
e t r y  b i t  r a t e  o f  1000 BPS seems t h e  minimum r e q u i r e d .  To a t t a i n  
t h i s  r a t e  a t  400 MHz u s i n g  n o n c o h e r e n t  FSK, a n  e f f e c t i v e  r a d i a t e d  
power o f  a p p r o x i m a t e l y  2 7  dBW would be  r e q u i r e d  ( a s suming  a -1-3 dB 
r e c e i v e  a n t e n n a  g a i n ) .  The 2 7  dBW (500 W) i s ,  of course ,  n o t  
p r a c t i c a l .  

To comple te  t h e  sys t em PSK/PM u s i n g  two s u b c a r r i e r s  w a s  c h o s e n  
a s  t h e  modu la t ion  t e c h n i q u e  f o r  t h e  command l i n k .  Two-way r a n g i n g  
o c c u r s  by  r e p l a c i n g  t h e  command s u b c a r r i e r  m o d u l a t i o n  w i t h  a PN 
r a n g i n g  code  and r e l a y i n g  t h e  r e c e i v e d  code  o v e r  t h e  t e l e m e t r y  
I i n k  i n  p l a c e  ot the d a t a  s u b c a r r i e r s .  



A l o o k  a t  t h e  u s e  o f  r ange  t o n e s  ( s i x  t o n e s  and  s i x  t o n e  p h a s e  
l o c k  l o o p s )  showed t h e  sys t em t o  b e  t o o  complex .  

F o r  t h e  command l i n k ,  one  n e e d s  a 20-W t r a n s m i t t e r  i n  t h e  
o r b i t e r ,  b u t  f o r  r a n g i n g  t h e  r f  power r e q u i r e m e n t  g o e s  t o  40 W .  
Once t h e  s t a t i o n  t r a n s m i t t e r  i s  commanded o n  u s i n g  t h e  20-W t r a n s -  
m i t t e r ,  t h e  power c a n  b e  s t e p p e d  up t o  p e r f o r m  t h e  r a n g i n g  meas- 
u r e m e n t .  

A n t e n n a s .  - Four  a n t e n n a  t y p e s  were c o n s i d e r e d  f o r  t h e  sta- 
t i o n l o r b i t e r  communica t ion  l i n k .  These  a r e :  

1) P l a n a r  l o g  s p i r a l - c a v i t y  backed  a n t e n n a ;  

2 )  C r o s s e d  s l o t - c a v i t y  backed  a n t e n n a ;  

3 )  T u r n s t i l e  cup ;  

4 )  P h a s e  a r r a y  of f o u r  c a v i t y  backed  s l o t s .  

A c r o s s e d  d i p o l e  a n t e n n a  above  a g round  p l a n e  was n o t  con-  
s i d e r e d  b e c a u s e  o f  t h e  d i f f i c u l t i e s  i t  p r e s e n t s  d u r i n g  s t a t i o n  
dep loymen t .  

Of t h e  f o u r  a n t e n n a s  l i s t e d ,  t h e  p h a s e d  a r r a y  c o n s i s t i n g  o f  
f o u r  c a v i t y  backed  s l o t s  w a s  s e l e c t e d  a s  the  mos t  p r o b a b l e  t o  b e  
used  f o r  two r e a s o n s :  

1) The e l e m e n t s  c a n  b e  p l a c e d  s u c h  t h a t  t h e y  leave t h e  
c e n t e r  o f  t h e  upper  s u r f a c e  o f  the  g o n d o l a  f r e e  f o r  
i n s t a l l i n g  t h e  p a r a c h u t e  and  p a r a c h u t e  dep loymen t  
m o r t a r  i n  t h a t  a r e a ;  

2 )  The a n t e n n a  p a t t e r n  may b e  changed  o n  command f rom 
o n e  g i v i n g  h e m i s p h e r i c a l  c o v e r a g e  t o  one  g i v i n g  low- 
a n g l e  c o v e r a g e  by a s i m p l e  s w i t c h i n g  a r r a n g e m e n t  a s  
shown i n  f i g u r e  2 9 .  Wi th  a l o w - a n g l e  c o v e r a g e ,  one  
may r e a l i z e  a n  improvement i n  t h e  l i n k  m a r g i n s  a n d  
hence  t h e  a v a i l a b l e  communica t ions  t i m e  when t h e  s ta -  
t i o n  h a s  d r i f t e d  f a r  f rom t h e  o r b i t a l  p l a n e .  

The s t a t i o n  a n t e n n a  f o r  r e c e p t i o n  o f  d r o p  sonde  d a t a  i s  a 
c a v i t y  baclced c r o s s  s l o t .  T h i s  c h o i c e  was b a s e d  o n  t h e  d e s i r e  
t o  have  a f lu sh -moun ted  a n t e n n a  SO as  n o t  t o  o b s t r u c t  t h e  view 
o f  t h e  s c i e n c e  i n s t r u m e n t a t i o n  and  t o  e l i m i n a t e  a n y  a n t e n n a  d e -  
p loyment  r e q u i r e m e n t s .  
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Frequency  s e l e c t i o n .  - F r e q u e n c i e s  i n  t h e  u p p e r  p o r t i o n  o f  
t h e  200 t o  400 Mc r a n g e  were  s e l e c t e d  t o  g e t  away f rom t h e  200-Mc 
r e g i o n  i n  which  f r e q u e n c y  a l l o c a t i o n s  may be  h a r d  t o  o b t a i n .  

The  h i g h e r  f r e q u e n c i e s ,  however ,  p r e s e n t  somewhat o f  a p e n a l t y  
i n  added  s p a c e  l o s s  and  h i g h e r  t r a n s m i t t e r  power.  

POWER SUBSYSTEM 

An a n a l y s i s  o f  t h e  r e q u i r e m e n t s  o f  t h e  s u b s y s t e m s  making up 
t h e  s t a t i o n  r e s u l t s  i n  a p l o t  o f  c u m u l a t i v e  e n e r g y  n e e d s  a s  g i v e n  
i n  f i g u r e  30.  A s  d e s c r i b e d  i n  p r e v i o u s  s e c t i o n s  t h e  r eg ime  o f  
s c i e n c e  e x p e r i m e n t s  v a r y  w i t h  i n d i v i d u a l  o r b i t s .  The power r e -  
q u i r e m e n t s  o f  O r b i t  3 ,  t y p i c a l  o f  one  w i t h  h i g h  n e e d s ,  i s  shown 
i n  f i g u r e  31.  

Two k i n d s  o f  power s y s t e m s  may be  c o n s i d e r e d  f o r  t h e  s t a t i o n .  
One, u s i n g  a s t e r i l i z e d  s i l v e r - z i n c  p r i m a r y  b a t t e r y ,  w i l l  h a v e  a 
w e i g h t  p r o p o r t i o n a l  t o  t h e  m i s s i o n  l i f e ,  The o t h e r  u s i n g  a r a d i o -  
i s o t o p e  t h e r m o e l e c t r i c  g e n e r a t o r  (RTG) w i l l  have  a w e i g h t  e s s e n -  
t i a l l y  i n d e p e n d e n t  o f  m i s s i o n  l i f e ,  and  w i l l  t h u s  be  e s s e n t i a l  f o r  
l o n g  m i s s i o n s .  

B a t t e r y  w e i g h t  a s  a f u n c t i o n  o f  number o f  o r b i t s  i n  t h e  m i s -  
s i o n ,  i s  g i v e n  i n  f i g u r e  30 ,  f o r  a p r i m a r y  b a t t e r y  h a v i n g  a s p e -  
c i f i c  w e i g h t  o f  25  Wh/ lb .  Wi th  6 . 3  o r b i t s  p e r  E a r t h  d a y ,  5 . 6  kg 
( 1 2 . 3  l b )  of b a t t e r y  would be  r e q u i r e d  f o r  e a c h  day  o f  o p e r a t i o n .  

The power subsys t em would c o n s i s t  o f  a n  RTG, a b a t t e r y ,  a 
c h a r g e r ,  a n d  a c o n v e r t e r  r e g u l a t o r .  The c o n v e r t e r  r e g u l a t o r  sup -  
p l i e s  t h e  low-level c o n t i n u o u s l y  o p e r a t i n g  l o a d s ,  w h i l e  t h o s e  hav -  
i n g  h i g h  peak  demands a r e  o p e r a t e d  from t h e  b a t t e r y .  Such a n  a r -  
rangement  i s  shown i n  f i g u r e  3 2 .  

The e n e r g y  s u p p l i e d  by  t h e  b a t t e r y  d u r i n g  O r b i t  3 i s  a s  f o l -  
l ows  : 



S c i e n c e  

Group I 9 . 7  Wh 

Group I1 1 7 . 5  

Group I I A  ( v i d i c o n  
m i c r o s c o p e )  

2 .5  

Group I11 7.9 

T r a n s m i t t e r  ( o p e r a t i n g  1 5  min)  25 

6 2 . 6  Wh 

Of t h i s  amount ,  t h e  b a t t e r y  may be  r e q u i r e d  t o  s u p p l y  one -  
f i f t h  o f  Group I t o g e t h e r  w i t h  t h e  o t h e r  l o a d s ,  w i t h o u t  a n  i n t e r -  
v e n i n g  i n t e r v a l  f o r  r e c h a r g e .  S u p p l y i n g  t h i s  e n e r g y ,  t o t a l i n g  
54 .4  Why r e q u i r e s  a 35% d e p t h  of  d i s c h a r g e  from t h e  b a t t e r y .  The 
v o l t a g e  e f f i c i e n c y  d u r i n g  t h e  c h a r g e l d i s c h a r g e  c y c l e  i s  8 5 . 5 %  and 
a 20% o v e r c h a r g e  i s  needed f o r  t h e  n i cke l - cadmium b a t t e r y .  These  
f a c t o r s ,  t o g e t h e r  w i t h  a n  85% c h a r g e r  e f f i c i e n c y ,  r e s u l t  i n  104 
Wh r e q u i r e d  p e r  o r b i t  t o  m a i n t a i n  t h e  b a t t e r y .  T h i s  r e s u l t s  i n  
a n  a v e r a g e  o f  27 .2  W ,  wh ich  when added  t o  t h e  9 . 4  W needed  by  t h e  
c o n v e r t e r  r e g u l a t o r ,  g i v e s  a t o t a l  o f  3 6 . 5  W .  This  r e q u i r e m e n t  
may be met  by a 4 0 4  RTG. 

T a b l e  30 summar izes  i n f o r m a t i o n  on t h e  components  making u p  
t h e  power s u b s y s t e m .  Note t h a t  t h e  w e i g h t  o f  t h e  Subsys tem,  ex-  
c l u d i n g  w i r i n g  and  c o n n e c t o r s ,  t o t a l s  28 .4  k g .  When a p p l i e d  t o  
f i g u r e  30, i t  c a n  be s e e n  t h a t  t h i s  w e i g h t  i n  a s t e r i l i z e d  s i l v e r -  
z i n c  b a t t e r y  would p e r m i t  o p e r a t i o n  f o r  31 o r b i t s  o r  5 d a y s .  Thus ,  
f o r  p e r i o d s  beyond t h i s  t i m e ,  a n  RTG s y s t e m  would be  l i g h t e r .  
E n g i n e e r i n g  measurements  a r e  l i s t e d  i n  T a b l e  31. 

THERMAL CONTROL SUBSYSTEM 

The a m b i e n t  t e m p e r a t u r e  a t  e q u i l i b r i u m  f l o a t a t i o n  57 lcm i n  t h e  
mean d e n s i t y  model i s  225°K. I n  t h e  e x t r e m e  a t m o s p h e r e s ,  t h i s  
e n v i r o n m e n t  may be  f rom 195  t o  2 8 7 O K  i n  t h e  u p p e r  and l o w e r  den -  
s i t y  mode l s ,  r e s p e c t i v e l y .  B a t t e r i e s  m u s t  be m a i n t a i n e d  a t  a m i n i -  
mum o f  278OK, a s  w e l l  a s  o t h e r  c r i t i c a l  components  a n d ,  t h e r e f o r e ,  
r e q u i r e  a t h e r m a l  c o n t r o l  subsys t em.  S u p e r i n s u l a t i o n  i s  u s e d  i n  
c o n j u n c t i o n  w i t h  a c t i v e  power.  F o r  t h e  c y c l i c  s t a t i o n ,  t h e  p r o b -  
lem i s  one  o f  c o o l i n g ,  r e q u i r i n g  t h a t  a phase -change  m a t e r i a l  
(PCM) be  c o n s i d e r e d  i n  a d d i t i o n  t o  i n s u l a t i o n .  
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A t he rma l  a n a l y s i s  was made f o r  t h e  mean model a t m o s p h e r e  f o r  
b o t h  t he  c y c l i c  and n o n c y c l i c  s t a t i o n s  w i t h  t h e  f o l l o w i n g  assump- 
t i o n s :  

3) 

4 )  

7 )  

A d i a b a t i c  s u r f a c e s  be tween compar tmen t s ;  

Compartment e x t e r n a l  s u r f a c e  t e m p e r a t u r e  e q u a l  t o  
a m b i e n t  t e m p e r a t u r e ;  

Ambient e q u i l i b r i u m  t e m p e r a t u r e  o f  225'K; 

Cyc le  ambien t  t e m p e r a t u r e  i n c r e a s i n g  l i n e a r l y  t o  
620°K and d e c r e a s i n g  l i n e a r l y  t o  225°K i n  4 .25  h r ;  

Minimum a l l o w a b l e  compartment  t e m p e r a t u r e  o f  288°K; 

Phase  change  m a t e r i a l  i s  "E icosane"  w i t h  m e l t i n g  
p o i n t  o f  310°K (98 'F) ,  d e n s i t y  ( s o l i d )  o f  53.3 l b / c u  
f t  and  l a t e n t  h e a t  o f  106  B t u / l b ;  

I n s u l a t i o n  i s  m i c r o - q u a r t z  w i t h  c o n d u c t i v i t y  o f  0.02 
B t u / h r - f t ' R  and  d e n s i t y  o f  6 l b / c u  f t ;  

Compartment equipment  h e a t  o f  25 W .  

F o r  t h e  n o n c y c l i c  m i s s i o n ,  5 i n .  o f  i n s u l a t i o n  i s  r e q u i r e d  
f o r  t h e  f i v e  compar tmen t s .  T h i s  i s  a t o t a l  w e i g h t  o f  1 9 3  l b .  
However,  i t  shou ld  be  n o t e d  t h a t :  

1) The g o n d o l a  s i z e  c o u l d  be  s i g n i f i c a n t l y  r e d u c e d  i n  
volume a n d ,  h e n c e ,  t h e  e x t e r n a l  s u r f a c e  area and  i n -  
s u l a t i o n  w e i g h t  would be  r e d u c e d  a c c o r d i n g l y ;  

2 )  The t h e r m a l  e n e r g y  o f  t h e  RTG w a s  n o t  u sed  i n  t h i s  
a n a l y s i s .  With p r o p e r  d i s t r i b u t i o n  o f  c o n v e c t i o n  
and r a d i a t i o n  h e a t  t h e  i n s u l a t i o n  would a g a i n  be  r e -  
d u c e d .  

F o r  t h e  a l t i t u d e  c y c l i n g  s t a t i o n ,  a p p r o x i m a t e l y  95  l b  o f  t h e  
phase-change  m a t e r i a l  i s  r e q u i r e d  w i t h  a p p r o x i m a t e l y  2 i n .  of  i n -  
s u l a t i o n  t o  m a i n t a i n  t h e  equipment  a t  98°F .  The p r o t e c t i o n  r e -  
q u i r e d  f o r  t h e  RTG i s  n o t  i n c l u d e d  i n  t h i s  w e i g h t .  Aga in  i f  t h e  
g o n d o l a  were r e d u c e d  i n  s i z e ,  i n c r e a s i n g  p a c k a g i n g  t o  a m o d e r a t e  
d e n s i t y ,  t h e  s u r f a c e  a rea  would b e  d e c r e a s e d ,  and  t h e  i n s u l a t i o n  
w e i g h t  would b e  d e c r e a s e d  a c c o r d i n g l y .  



5000-POUND STATION 

i h e  5000- lb  s t a t i o n  h a s  been i n v e s t i g a t e d  t o  p roduce  subsys t em 
w e i g h t  a l l o c a t i o n s .  F i g u r e  33 i n d i c a t e s  t h a t  t h e  5000- lb  s t a t i o n ,  
u s i n g  c r y o g e n i c  hydrogen ,  i s  c o m p a t i b l e  w i t h  t h e  Voyager  c a p s u l e  
e n v e l o p e .  The w e i g h t  a l l o c a t i o n s  f o r  t h e  n o n c y c l i c  s t a t i o n  a r e  
shown i n  t a b l e s  32  and 33 f o r  h i g h - p r e s s u r e  and  c r y o g e n i c  hydrogen  
methods  o f  t r a n s p o r t ,  r e s p e c t i v e l y .  It i s  s e e n  t h a t  g o n d o l a  w e i g h t s  
f rom 1900 l b  t o  s l i g h t l y  more t h a n  2800 l b  a r e  p o s s i b l e .  T h i s  w i l l  
a l l o w  f o r  l a r g e ,  s o p h i s t i c a t e d  p a y l o a d s  o f  t h e  f u t u r e .  A c y c l i c  
s t a t i o n  w e i g h t  a l l o c a t i o n  i s  shown i n  t a b l e  3 4  f o r  t h e  g a s  dump a n d  
makeup mode. Decomposed h y d r a z i n e  i s  used  f o r  t h e  makeup g a s  s y s -  
t e m  w i t h  s e p a r a t e  t a n k a g e  f o r  e a c h  c y c l e .  O b v i o u s l y  more t h a n  
t h r e e  c y c l e s  c a n  be c o n s i d e r e d  f o r  t h i s  s i z e  s t a t i o n .  

The l a r g e s t  b a l l o o n  i n d i c a t e d  i s  34G 000 cu f t  w i t h  a d i a m e t e r  
o f  8 6 . 7  f t .  F o r  a 6-mb s u p e r p r e s s u r e  b a l l o o n ,  a f i l m  o f  a p p r o x i -  
m a t e l y  3 . 8  m i l ,  s t r e s s e d  t o  6000 p s i  i s  r e q u i r e d .  

CONCLUSIONS 

T h i s  s t a t i o n  i s  t h e  d i r e c t  outcome o f  t h e  o r i g i n a l  i n t e n t  a n d  
c o n s t r a i n t s  of t h e  Buoyant Venus S t a t i o n  F e a s i b i l i t y  S t u d y ,  wh ich  
s p e c i f i e d  a w e i g h t  l i m i t  a t  deployment  o f  5000 l b .  T h i s  i s  s t i l l  
t h e  mos t  a t t r a c t i v e  u s e  o f  t h e  b a l l o o n  c o n c e p t .  The l a r g e  p a y l o a d  
and  t h e  m o b i l i t y  and  l o n g  l i f e  make t h e  s t a t i o n  p a r t i c u l a r l y  s u i t -  
a b l e  a s  a p l a t f o r m  f o r  t h e  e x p e r i m e n t s  o f  t h e  r e l a t i v e l y  s o p h i s t i -  
c a t e d  and  c o m p l i c a t e d  s c i e n t i f i c  m i s s i o n s  o f  t h e  Voyager  m i s s i o n s .  

n o t  p r e s e n t  t h e  e q u i v a l e n t  a d v a n t a g e s  of t h i s  s t a t i o n  a s  a p l a t f o r m  
f o r  e x p e r i m e n t s .  

F x ~ e n  if a t r u e  ( s u r v i v a b 1 ~ )  l a n d e r  - - - - - -  W C L ~  t o  p rove  i e a s i b i e ,  i t  wouid 

A s  t h i s  s t u d y  makes c l e a r ,  t h e  2000- lb  w e i g h t  i s  n e i t h e r  optimum 
o r  r e s t r i c t i v e .  I n  a n  e a r l i e r  p h a s e  o f  t h i s  s t u d y  175  l b  o f  s c i e n -  
t i f i c  i n s t r u m e n t a t i o n  ( e x c l u d i n g  d r o p  s o n d e s )  was i d e n t i f i e d .  T h i s  
i n  one  form o r  a n o t h e r  r e l a t e d  t o  p r a c t i c a l l y  a l l  o f  t h e  h i g h -  
p r i o r i t y  i n f o r m a t i o n  d e s i r e d  a b o u t  Venus.  Whi le  t h i s  l i s t  i n  no 
manner e x h a u s t s  t h e  p o s s i b i l i t i e s  f o r  e x p e r i m e n t s  o r  i n s t r u m e n t s ,  
i t  d o e s  s u g g e s t  t h a t  a complement o f  t h r e e  o r  f o u r  somewhat smaller 
s t a t i o n s  - -  s a y  1000 t o  1500 l b  -- f o r  e a c h  Voyager b u s  would be  
r e a s o n a b l e .  S i m i l a r l y ,  i t  i s  e q u a l l y  r e a s o n a b l e  t o  p r o j e c t  a 5000- 
l b  o r  l a r g e r  s t a t i o n  f o r  a s  y e t  u n d e f i n a b l e  f u t u r e  m i s s i o n s .  Two 
o f  t h e  2000-lb s t a t i o n s  w i t h i n  a Voyager  (Mars)  a e r o s h e l l  and  
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e n v e l o p e  have  been  shown b y  \gay of i l l u s t r a t i o n .  S e v e r a l  s m a l l e r  
a e r o s h e l l s  ( f o r  s e p a r a t e  e n t r y  and  dep loymen t )  would a l s o  be  a p -  
p r o p r i a t e  f o r  c o n s i d e r a t i o n .  

The major  deve lopmen t  areas  a r e  ( a s  w i t h  t h e  2 0 0 - l b  s t a t i o n )  
a s s o c i a t e d  w i t h  t h e  b a l l o o n  and  i t s  c o n t r o l s .  More l eeway  e x i s t s ,  
however ,  i n  t h e  s o l u t i o n  o f  t h e s e  p rob lems  i n  t h i s  c a s e  b e c a u s e  
o f  t h e  reduced  c r i t i c a l i t y  of w e i g h t .  

It  i s  a p p a r e n t  t h a t  t h e  n o n c y c l i c  s t a t i o n  c o u l d  b e  r educed  
i n  s i z e .  However, i t  shou ld  be  r e c o g n i z e d  t h a t  f o r  t h i s  r e l a -  
t i v e l y  complex m i s s i o n ,  a d e g r e e  o f  r edundancy  o r  o t h e r  r e l i -  
a b i l i t y  enhanc ing  t e c h n i q u e s  s h o u l d  be  employed,  wh ich  h a v e  n o t  
b e e n  c o n s i d e r e d  i n  t h i s  s t u d y ,  

M a r t i n  M a r i e t t a  C o r p o r a t i o n  
Denver D i v i s i o n  

May 9 ,  1967 
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TABLE 1. - NONCYCLIC STATION WEIGHT SUMMARY 

' e  

P a r a c h u t e  sys t em 

Ba l loon  sys t em 

Hydrogen s y s  tern 

T o t a l  payload 

S c i e n c e  

T e  1 ecommuni ca t i o n s  

Power 

a 
Mar g i n  

3 00 

86 

7 7  

' redeployment,  l b  

106 

2 74 

850 

463 

3 07 

2000 
- 

Postdeployment ,  l b  

2 00 

70 

463 

3 07 

1040 

aTo i n c l u d e  s t r u c t u r e  and thermal  c o n t r o l  f o r  gondola o n l y .  

TABLE 2 .  - CYCLIC STATION WEIGHT SUMMARY 

P a r a c h u t e  system 

Ba 1 loon  s y s  t e m  

Hydrogen sys t em 

Cycle  system 

T o t a l  payload 

S c i e n c e  
300 1 

77 

T e  lecommun i c a  t i  ons 

Power 

a 
Margin 

Predeployment, l b  

106 

261 

85 0 

23 6 

463 

84 

2000 
c_ 

Pos tdeployment , l b  

187 

70 

23 6 

463 

84 

1040 

a T o  i n c l u d e  s t r u c t u r e  and thermal  c o n t r o l  f o r  gondola o n l y .  
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TABLE 4 .  - DROP SONDE EXPERIMENTS 

Exper imen t  
~~ ~~ 

P r e s s u r e  s e n s o r s  ( 5 )  

T e m p e r a t u r e  s e n s o r  ( 2 )  

A c o u s t i c  t r a n s m i s s i o n  
l i n e  

Mass s p e c t r o m e t e r  

P h o t o m e t e r s  f i l t e r s  
( l o o k i n g  up)  

( l o o k i n g  down) 
I R  r a d i o m e t e r  

E l e c t r o m e t e r  

L i g h t  b a c k s c a t t e r  
f rom a e r o s o l s  

Exper imen t  

W e i g h t y  
l b  

2 . 5  

1 

3 

10 

3 

5 

1 

2 . 5  

Power,  
W 

.5 

.4 

4 

10 

2.3  

3 

1 

2 . 5  

Da ta  

F i v e  7 - b i t  words  

Two 7 - b i t  words  

Four  7 - b i t  words  

4000 b i t s / a n a l y s i s  

25 7 - b i t  words  

Four  7 - b i t  words  

One 7 - b i t  word 

F i v e  7 - b i t  words  

TABLE 5 .  - GROUP I MEASUREMENTS 

P r e s s u r e  s e n s o r s  ( 4 )  

T e m p e r a t u r e  s e n s o r s  ( 2 )  

A c o u s t i c  t r a  n s m i s  s i o n  
i i n e  

A l t i m e  t e r  

V i s i b l e / I R  f l u x  

U l t r a v i o l e t  f l u x  

I o n  chamber and 
GM t u h e  

Da ta  

F o u r  7 - b i t  words  

Two 7 - b i t  words  

Four  7 - b i t  words  

F i v e  r e a d i n g s  o v e r  5 
min ;  14 b i t s  p e r  
r e a d i n g  

25  7 - b i t  words  

S i x  7 - b i t  words 

Count  f c r  60 s e c ;  14 b i t s  
e v e r y  10 s e c  f o r  i o n  cham- 
b e r ,  2 1  b i t s  e v e r y  10 s e c  
f o r  GM t u b e  

Power 
W - m i n  

1 

-__. -~ 

.3 

4 

100 

2 . 3  

1 . 5  

. 5  
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38 

E x p e r i m e n t  Data 

Mass S p e c t r o m e t e r  

P y r o l y s i s / G C / M S  10 000 b i t s / h r  

4 000 b i t s 1 6 0  s e c  

V i d i c o n  m i c r o s c o p e  255 000 b i t s  
( o n e  p i c t u r e )  

P o w e r ,  wh 

I/ 3 

1 5  

1 . 2  

V i d i c o n  m i c r o s c o p e  255  000 b i t f p i c t u r e  
( 1 7  p i c t u r e s )  ( 4  335  000 b i t s )  

TABLE 7 .  - GROUP I11 MEASUREMENTS 

8 W f o r  1 7  min  
= 2 . 2 6  Wh 

B i o  l a b  4 5 0  b i t s /  r e a d i n g  
one r e a d i n g  p e r  
o r b i t  f o r  28  o r b i t s ,  
2 r e a d i n g s  i n  f i r s t  
o r b i t  (13 500  b i t s  
t o t a l )  

10 W f o r  3 m i n  
= 0 . 5  W h f o r b i t  

E x p e r i m e n t  

R a d a r  s c a t t e r o m e t e r  

P o w e r ,  W-min Data 

10 000 b i t s  
p e r  10 s e c  s c a n  

2 0  

~ 

M i c r o w a v e  s c a n n e r /  100 000 b i t s f i m a g e  
s p e c t r o m e t e r  10 000 b i t s /  s c a n  

4 w a v e l e n g t h s  
( 1 4 0  000 b i t s )  

I R  s c a n n e r / s p e c t r o m e t e r  255 000 b i t s f i m a g e  
10 000 b i t s f s c a n  

4 w a v e l e n g t h s  - 

2 0 0  
(warmup) 
+ 2 6  

E x p e r i m e n t  Data 

G r o u p  I A s  i n  t a b l e  3 

Mass s p e c t r o m e t e r  4 0 0 0  b i t s  

225  

P o w e r ,  W-min 

2 0  

I R  s c a n n e r /  s p e c t r o m e t e r  56 b i t s /  s a m p l e  d u r i n g  
d e s c e n t ;  255 000 b i t s  
a t  minimum a l t i t u d e  

5 

2 5  

L i g h t  b a c k s c a t t e r  f r o m  
a e r o s o l s  

70 b i t s f s e c  f o r  1 5 
min  

: 
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TABLE 10. - BALLOON INFLATION HARDWARE STATUS 

Item 

P r e s s u r e  s w i t c h  

P r e s s u r e  s w i t c h  
( o r i f i c e  m e t e r )  

Timer 

Ordnance s q u i b  

Ordnance v a l v e  

G u i l l o t i n e  

Explos ive  n u t  

B a t t e r y  ( t h e r m a l )  

1 
P r e s s u r e  t r a n s d u c e r  

Temperature  t ransducer  

Manual f i l l  v a l v e  

F i l t e r  

Solenoid  v a l v e  

Re 1 i e f va Iv e 

Z h a r a c t e r i s t i c  

6 i 2 m b  

.1 t 0 . 5  p s i d  

R-C c i r c u i t  

S t  e r  i l  i z a b  l e  

S t e r i l i z a b l e  

S t  e r  i l i z a b l e  

S t e r i l i z a b l e  

0 t o  4500 ps ia  

100 t o  400°K 

S t e r i l i z a b l e  

10 II 

S t e r  i l  i z a b  l e  

6 -mb c r a c k i n g  
p r e s s u r e  

F l i g h t  usage 

None 

Unknown 

T i t a n  111 

Mariner ,  Surveyor 

T i t a n  111 

T i t a n  111 

B - 5 7 ,  weapon 
sys tems 

Mariner  , Surveyor 

M a r i n e r ,  Surveyor 

M a r i n e r ,  Surveyor 

Mar iner ,  Surveyor 

M a r i n e r ,  Surveyor 

None 

Development s t a t u s  

3n drawing board 

anknown 

q u a l i f i e d  as  used 

Passed s t e r i l i z a t i o n  
t e s t s  

q u a l i f i e d  a s  used 

Q u a l i f i e d  as used 

None 

TABLE 11. - REQUIREMENTS FOR A RELIEF VALVE 

Cracking p r e s s u r e  

F u l l  flow p r e s s u r e  

Reseat p r e s s u r e  

Leakage 

Temperatnre  

A c c e l e r a t i o n  

S t e r i l i z a t i o n  

Remarks 

6-mb d i f f e r e n t i a l  p r e s s u r e a  

10-mb d i f f e r e n t i a l  p r e s s u r e  

F l o w  r a t e :  1.00 l h / s e c  hydrogen a t  

b 

T = 225'K 

P = 110 mb 

4-mb d i f f e r e n t i a l  p r e s s u r e  

Maximum of  10 s c c / s e c  of  hydrogen a t  r e s e a t  
p r e s s u r e  and t e m p e r a t u r e  of 225'K 

O p e r a t i n g  195 t o  300'K 

Nonoperat ing 195 t o  675'K 

O p e r a t i n g  1.0 ( E a r t h )  g 

Nonoperat ing 500 ( E a r t h )  g f o r  3 sec  

The v a l v e  s h a l l  be c a p a b l e  o f  be ing  s t e r i l i z e d  

F e a s i b l e  f o r  1970 
t ime p e r i o d  

Well w i t h i n  s t a t e  
of a r t  

A development and 
q u a l i f i c a t i o n  p ro -  
gram i s  r e q u i r e d  

aBased on 6 mh producing  a f a b r i c  s t r e s s  o f  6000 p s i .  Mylar y i e l d  
i s  12 000 p s i ,  Kapton y i e l d  i s  1 0  000 p s i ,  and PBI y i e l d  i s  22 000 
p s i .  

bFul l  f low r a t e  i s  based on r e l i e f  v a l v e  a b i l i t y  t o  handle  f i l l i n g  
r a t e ,  
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TABLE 12. - CYCLIC 2000-LB STATION GAS DLMP AND MAKEUP HYDRAZINE CYCLE 
SUBSYSTEM (3 CYCLES TO 10  KM, 6-MB SUPERPRESSURE HYDROGEN- 
INFLATED BALLOON 57 KM I N  MEAN ATMOSPHERE) 

Parachc te  2nd deployment hardware weight . . . . . . . . . . . .  106  l b  

Parachute  diameter  . . . . . . . . . .  7 5 . 5  f t  

Deployed by mortar  

Balloon 

Volume . . . . . . . . . . . . . . . .  9 4  400 cu  f t  

Diameter . . . . . . . . . . . . . . .  56.6 f t  

Sur face  a r e a  . . . . . . . . . . . . .  1 0  050 s q  f t  

Ballqon (PBI f i lm)  . . . . . . . . . .  1 7 0  l b  

Risers  and at tachments  . . . . . . . .  17 l b  

Balloon c a n i s t e r  . . . . . . . . . . .  7 4  l b  

Weight . . . . . .  261 l b  

Hydrogen i n f l a t i o n  

Gas f o r  ba l loon  i n f l a t i o n  . . . . . .  69.4 l b  

Gas r e s i d u a l  i n  tank  . . . . . . . . .  .1 l b  

Gas tank  . . . . . . . . . . . . . . .  765.0 l b  

Cont ro ls ,  va lv ing ,  e t c .  . . . . . . .  15.5 l h  

Weight . . . . . .  850  l b  

Hydrazine c y c l e  subsystem 

F i r s t  c y c l e  

Gas . . . . . . . . . . . . . . . .  65.5 I b  

Residual  gas  . . . . . . . . . . . .  3.3 l b  

Tankage . . . . . . . . . . . . . .  7 .0  1b  

Cont ro ls ,  va lv ing ,  e tc .  . . . . . .  6.2 l b  

Second c y c l e  

Gas . . . . . . . . . . . . . . . .  6 3 . 0 1 b  

Residual  gas  . . . . . . . . . . . .  3.2 l h  

Tankage . . . . . . . . . . . . . .  6.8 I b  

Cont ro ls ,  va lv ing ,  e tc .  . . . . . .  6.0 l b  

Thi rd  c y c l e  

Gas . . . . . . . . . . . . . . . .  59.5 1h  

Residual  gas  . . . . . . . . . . . .  3.0 l b  

Tankage . . . . . . . . . . . . . .  6.5 1 h  

Cont ro ls ,  va lv ing ,  e tc .  . . . . . .  6.0 l b  

Weight . . . . . .  236 l b  

Weight . . . . . .  547 l h  

Gondola 

Weight l o f t e d  ( i n i t i a l )  

Balloon . . . . . . . . . . . . . . .  187 l b  

Gas . . . . . . . . . . . . . . . . .  70 1 b  

Cycle subsystem . . . . . . . . . . .  236 1 b  

Gondola . . . . . . . . . . . . . . .  547 I b  

T o t a l  weight l o f t e d  . . . . . .  1040 l b  

Buoyancy ( i n i t i a l )  . . . . . . . . . . . . . . . . . . . . . . .  1040 l h  
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TABLE 15. - ENGINEERING MEASUREMENTS FOR STATION 
DEPLOYMENT AND NONCYCLIC STATION 
BALLOON MONITORING 

Measurement 

T o t a l  p r e s s u r e  

S t a t i c  p r e s s u r e  

To t a l  t e m p e r a t u r e  

I n f l a t i o n  g a s  t a n k  p r e s s u r e  

I n f l a t i o n  g a s  t a n k  t e m p e r a t u r e  

I n f l a t i o n  g a s  f low r a t e  

B a l l o o n  p r e s s u r e  

B a l l o o n  g a s  t e m p e r a t u r e  

V e r n i e r  g a s  t a n k  p r e s s u r e  

V e r n i e r  g a s  t a n k  t e m p e r a t u r e  

Range 

0 t o  50 mb 

0 t o  500 mb 

100 t o  800°K 

0 t o  350 000 mb 

100 t o  400'K 

0 t o  .5 l b / s e c  

0 t o  25 mb 

100 t o  400°K 

0 t o  70 000 mb 

100 t o  400'K 

C y c l i c  s t a t i o n  ( i n  a d d i t i o n  t o  t h o s e  a b o v e )  

Des i r e d  
a c c u r a c y  

+ 2 %  

?2% 

+5% 

+5% 

*5% 

+ 2 %  

+ 2 %  

?5% 

+5% 

+5% 

C y c l e  g a s  t a n k  p r e s s u r e  

C y c l e  g a s  t a n k  t e m p e r a t u r e  

0 t o  70 000 mb 

100 t o  800'K 

+5% 

+5% 

TABLE 1 6 .  - TRADE STUDIES 

I n f l a t i o n  gas  

Hy d r o g e n 

H i g h - p r e s  s u r e  g a s  

C r y o g e n i c  f l u i d  

H y d r a z i n e  

B a l l o o n  m a t e r i a l s  

Mylar 

Kapton 

PBI 

-- 
C y c l e  method 

Gas dump and makeup 

Gas dump and  b a l l a s t  
d r o p  

Pump and dump a t m o s -  
p h e r i c  g a s e s  
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TABLE 20, - SEQUENCE OF OPERATION,  2 0 0 0 - L B  S T A T I O N  (NONCYCLIC)  

O r b i t  / s  t e p  O p e r a t  ion I n i t i a t e d  by I 

Beg in  r a n g i n g  medsurement 
End 
Command t r a n s m i t t e r  o f f  

r d  n g i ng  m e  as  u r  enie n t 

1 4 1  
1-A2 

1 - A 3  

1 - A 4  
1-A5 
1-A6 
1 - A 7  
1-A8 
1 - A 9  

oc 
OC or  CPS 
oc 

I'h.ise A - s e p a r a t i o n  f rom a e r o s h e l l  
t h r o u g h  t h e  deployment  phase  

B l o w  s t a t i o n / a e r o s h e l l  s e p a r a t i o n  b o l t s  
S t a r t  s t a t i o n  c e n t r a l  p r o g r a m e r / s e q u e n c e r  
A c t i v a t e  t h e r m a l  b a t t e r y  f o r  p y r o t e c h n i c s  
A r m  s t a t i o n  o r d n a n c e  
S t a r t  t r a n s m i s s i o n  o f  deployment  e n g i n e e r i n g  d a t a  
T u r n  o n  command r e c e i v e r  and  d e c o d e r  
M o r t a r  d e p l o y s  p a r a c h u t e  

R e l e a s e  b a l l o o n  r e t a i n e r  r i n g  
Open i n f l a t i o n  gas  v a l v e  
C l o s e  i n f l a t i o n  gas  v a l v e  
S e v e r  b a l l o o n  i n f l a t i o n  l i n e  
R e  l e a s  e t anka  ge and p a r a c h u t e  
T r a n s m i t t e r  t u r n  o f f  

P h a s e  B - e q u i l i b r i u m  f l o a t a t i o n  

A er  o s h e  11 
A e r o s h e l l  

D e  p 1 oyme n t  con  t r o 1s pack - 

DCP 
DCP 
DCP 
DCP 
DCP 
C e n t r a l  p r o g r a m e r / s e q u e n c e r  

e g e  (DCP) 

(CPS ) 

T i m e r  o r  command 
( 1 - h r  a f t e r  t a n k  r e l e a s e )  I Open v e r n i e r  gas  i s o l a t i o n  v a l v e  ( o r d n a n c e  I 

1 - C l  
1 -c2  

1 - C 3  

1-C4 

1-C5 

1-C6 

P h a s e  C - b e g i n n i n g  o f  s c i e n c e  measurements  

Deploy d u s t  c o l l e c t o r  
I n i t i a t e  checkou t  o f  s c i e n c e  i n s t r u m e n t a t i o n ;  

s t o r e  e n g i n e e r i n g  d a t a  
S t a r t  s a m p l i n g  Group I i n s t r u m e n t a t i o n  and s t o r e  

d a t a  e v e r y  3 / 4  h r  ( s t o r e  i n  c o r e  memory A) 
Make a t m o s p h e r i c  c o m p o s i t i o n  and s t o r e  d a t a  (1 

m e a s u r e m e n t ) ( s t o r e  i n  c o r e  memory A) 
I n i t i a t e  s e q u e n c e  f o r  d r o p  of  s m a l l  s o n d e  
T u r n  o n  s o n d e  power 
Turn  on s t a t i o n  r e c e i v e r  ( s t a n d b y )  
S t o r e  2 f r ames  of  s o n d e  d a t a  in  s t a t i o n  s t o r a g e  
R e  leas e s o n d e  
P l a c e  s t a t i o n  s o n d e  r e c e i v e r  i n  "on" r e c e i v e  and 

T u r n  o f f  s o n d e  r e c e i v e r  

End f i r s t  o r b i t  - b e g i n  second  o r b i t  (when o r b i t e r  
conies i n t o  v i e w )  

s t o r e  s o n d e  d a t a  i n  c o r e  memory C 

CPS 
CPS 

c PS 

CPS 

CPS 

CPS 

2 - 1  

2-2 
2-3 

2 -4 
2 -5 
2-6 

A f t e r  two-way c a r r i e r  l o c k  between o r b l t e r  a n d  

End r a n g i n g  measurement 
Beg in  t r a n s m i s s i o n  of d a t a  t o  o r b i t e r  i n  f o l l o w i n g  

s t a t i o n ;  b e g i n  r a n g i n g  measurement 
O r b i t e r  command (OC) 

oc 
O C  o r  CPS 
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O r b i t  / s t e p  O p e r a t i o n  
2-7 I f  command n o t  r e c e i v e d ,  t u r n  o f f  t r a n s m i t t e r  

( b a s e d  on maximum t i m e  programed t o  be on)  

ment 

p l e s  e v e r y  314  h r  

R e s e t  t i m i n g  f o r  making 314 h r  Group I m e a s u r e -  

2 - 8  Con t inue  t o  make Group I and e n g i n e e r i n g  s a m -  

- Note: T r a n s m i t  d a t a  t o  e a r t h  f rom o r b i t e r  f o r  
q u i c k - l o o k  e v a l u a t i o n  ( a s  e a r l y  a s  pos-  
s i b l e )  

I n i t i a t e d  by 
CPS 

CPS 

E a r t h  command 

3-1  
3 - 2  

3 -3 
3 -4 
3 -5 

Perform r a n g i n g  o p e r a t  i o n  ( o r  b i t e r  / s  t a t  i o n )  
Transmi t  d a t a  t o  o r b i t e r  

R e a l - t i m e  e n g i n e e r i n g  and Group I - f o l l o w e d  
by c o n t e n t s  s t o r a g e  A 

Command s t a t i o n  t o  i n i t i a t e  Group I1 and Group 111 
s c i e n c e  measurements  ( t o  b e g i n  a f t e r  t h i s  com- 
m u n i c a t  i o n s  p a s s )  

Perform r a n g i n g  o p e r a t  i o n  
Turn o f f  t r a n s m i t t e r  
Sample Group I + e n g i n e e r i n g  e v e r y  3 / 4  h r  and 

Sample Group I1 and s t o r e  i n  c o r e  s t o r a g e  B 
Sample Group 111 and s t o r e  i n  c o r e  s t o r a g e  C 

s t o r e  i n  c o r e  s t o r a g e  A 

______ _ _ _ ~ ~ ~  

End o r b i t  3 - b e g i n  o r b i t  4 

4 - 1  
4 - 2  

4-3  
4 -4 
4-5 

Perform r a n g i n g  o p e r a t  i o n  
Begin t r a n s m i s s i o n  of  d a t a  

P reamble  
R e a l - t i m e  Group I ,  r e a l - t i m e  e n g i n e e r i n g  1 f r ame  
S t o r a g e  A ( 3  t i m e s )  
S t o r a g e  B ( 3  t i m e s )  
S t o r a g e  C ( o n c e )  
S t o r a g e  D ( 3  t i m e s )  

Perform r a n g i n g  o p e r a t i o n  
T r a n s m i t t e r  o f f  
I n  a b s e n c e  of  commanded mode c h a n g e ,  c o n t i n u e  sam- 

Store  i n  c o r e  s t o r a g e  A 
R e t a i n  memory C d a t a  

p l i n g  Group I and e n g i n e e r i n g  e v e r y  3 / 4  h r  

oc 
oc 

oc 

oc 
OC o r  CPS 
CPS 

c PS 
c PS 

oc 
OC or  CPS 

oc 
OC o r  CPS 
c PS 

I 
End o r b i t  4 - b e g i n  o r b i t  5 

I I 
OC and CPS I O r b i t  5 same a s  o r b i t  4 e x c e p t  no r e a d o u t  of  

memory B o r  D I 
6 - 1  
6-2  

End o r b i t  5 - b e g i n  o r b i t  6 

Pe r fo rm r a n g i n g  o p e r a t i o n  . 
Command b e g i n  o f  v i d i c o n  m i c r o s c o p e  ( I I A )  and b i o  

S t o r e  b i o  l a b  d a t a  i n  s t o r a g e  A 
S t o r e  v i d i c o n  m i c r o s c o p e  p i c t u r e  i n  memory D 
S t o r e  new Group I11 d a t a  i n  memory C ( T h i s  p r o c -  

e s s i n g  s t a r t s  a f t e r  t r a n s m i t t e r  is  s h u t  down 
i n  S t e p  6-5)  

l a b  (IIA) p r o c e s s i n g  

oc 
oc 



TABLE 2 0 .  - SEQUENCE OF OPERATION, 2 0 0 0 - L B  STATION (NONCYCLIC) - C o n t i n u e d  

O r b i t / s t e p  

6 -3 

6 -4 
6-5 
6-6 

7 - 1  
7 - 2  

7-3 
7 -4 

O p e r a t i o n  

T r a n s m i t  d a t a  t o  o r b i t e r  
Real-t ime Croup  I and e n g i n e e r i n g  f o l l o w e d  by 

memory A and t h i r d  r e p e a t  of  memory C (memory 
A a l s o  h a s  b a s e l i n e  b i o  l a b  d a t a )  

Pe r fo rm r a Q g i n g  o p e r a t i o n  
S h u t  down t r a n s m i t t e r  
Beg in  s a m p l i n g  and s t o r e  o f  

Group I and e n g i n e e r i n g  e v e r y  3 / 4  h r  
Group 111 
Group I I A  and I I B  

End o r b i t  6 - b e g i n  o r b i t  7 

P e r f o r m  r a n g e  measurement  
T r a n s m i t  d a t a  t o  o r b i t e r  i n  f o l l o w i n g  o r d e r  

P reamble  
Real - t ime Group I and e n g i n e e r i n g  
Core memory A ,  B, C ,  and D (memory A ,  B ,  and D 

a r e  r e p e a t e d  3 t i m e s  t o  one o f  C) 

- Note :  C o n t a i n e d  i n  t h i s  d a t a  is Group I ,  t h e  
s e c o n d  v i d i c o n  mic roscope  p h o t o  o f  a 
se r ies  of  18, t h e  f i r s t  b i o  l a b  s a m p l e  
f o l l o w i n g  t h e  r e f e r e n c e  s a m p l e ,  and a 

, new s e t  of Group I11 d a t a  

P e r f o r m  r a n g i n g  
T u r n  o f f  t r a n s m i t t e r  
The m i s s i o n  s e q u e n c e  c o n t i n u e s  u n d e r  t h e  f o l l o w -  

i n g  c o n d i t i o n s  
The b i o  l a b  I I B  once  s t a r t e d  is sampled  
once  pe r  o r b i t  and t h e  d a t a  is s t o r e d  i n  
c o r e  s t o r a g e  A a l o n g  w i t h  Group I and  
e n g i n e e r i n g  - i t  i s  t r a n s m i t t e d  a t  t h e  
b e g i n n i n g  o f  t h e  n e x t  o r b i t  
The v i d i c o n - m i c r o s c o p e  t a k e s  1 p i c t u r e  p e r  
o r b i t  f o r  1 7  c o n s e c u t i v e  o r b i t s ;  t h e  d a t a  
f o r  1 p i c t u r e  a r e  s t o r e d  i n  memory D and 
t r a n s m i t t e d  a t  t h e  b e g i n n i n g  o f  t h e  f o l l o w -  
i n g  o r b i t  a t  l e a s t  3 t imes 
A l a r g e  d r o p  s o n d e  may be commanded t o  be  
r e l e a s e d  on  a g i v e n  o r b i t  i n  p l a c e  o f  
Group 111 d a t a .  The sonde d a t a  a r e  t h e n  
p l a c e d  i n  memory C i n  p l a c e  of Group 111 
d a t a .  The s o n d e  d a t a  a r e  i n i t i a l l y  t r a n s -  
m i t t e d  o n  t h e  f o l l o w i n g  o r b i t  and r e p e a t e d  
on t h e  f o l l o w i n g  two o r b i t s  
The l a s t  v i d i c o n  mic roscope  p i c t u r e  is 
t r a n s m i t t e d  a t  t h e  b e g i n n i n g  o f  t h e  23rd 
o r b i t  
The l a s t  b i o  s a m p l e  i s  t r a n s m i t t e d  on  t h e  
4 1 s t  o r b i t  
The e n t i r e  c y c l e ,  o r b i t s  3 t h r u  4 2 ,  c a n  be  
r e p e a t e d  by commanding Group I1 d a t a  i n  
o r b i t  45. S e e  o r b i t  3 f o r  b e g i n n i n g  of  new 
s e q u e n c e .  
The f i n a l  d e s c e n t  mode i s  d e s c r i b e d  below. 

I n i t i a t e d  by 

OC or  CPS 

oc 
OC or  CPS 

CPS 
(as r e s u l t  of S t e p  6-3) 

oc 
OC o r  CPS 

oc 
OC o r  CPS 
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O r b i t e r  
oc 
oc 

CPS 
oc 
OC o r  CPS 
CPS 

1 CPS 

TABLE 20.  - SEQUENCE OF OPERATION, 2000-LB STATION (NONCYCLIC) - Concluded 

N - D 1  
N-D2 
N - D 3  

N-D4 
N-D5 
N-D6 
N-DJ 
N - D 8  

O r b i t / s t e p  I O p e r a t i o n  

Two-way c a r r i e r  l o c k - o r b i t e r / s t a t i o n  
Pe r fo rm r a n g i n g  measurement  
Command s t a t i o n  d e s c e n t  - ( d e l a y e d  i n i t i a t i o n )  
Group IV s c i e n c e  mode o f  s a m p l i n g  
T r a n s m i t  d a t a  r e m a i n i n g  i n  s t o r a g e  
Pe r fo rm r a n g i n g  measurement  
Turn  o f f  s t a t i o n  t r a n s m i t t e r  
Relase b a l l o o n  gas 
Begin s a m p l i n g  and s t o r i n g  Group I V  d a t a  and 

e n g i n e e r i n g  d a t a  

(N+l ) -Dl  
(N+l) -D2 

(N+l)  - D 3  
(N+l)  -D4 

I n i t i a t e d  h y  

Pe r fo rm r a n g i n g  
Transmi t  s t o r e d  Group I V  d a t a  and e n g i n e e r i n g  

Pe r fo rm r a n g i n g  
Turn o f f  s t a t i o n  t r a n s m i t t e r  

da ta  

End o r b i t  N - b e g i n  o r b i t  N + 1 
I I I 

oc 
OC o r  CPS 

oc 
OC o r  CPS 

End o r b i t  N+1 - b e g i n  o r b i t  N + 2  I 
- 

C o n t i n u e  same s e q u e n c e  as f o r  p r e v i o u s  o r b i t  f o r  
t h i s  o r b i t  and f o r  a d d i t i o n a l  o r b i t s  u n t i l  s t a -  
t i o n  c e a s e s  t o  o p e r a t e  o r  u n t i l  communica t ions  
can  no l o n g e r  be e s t a b l i s h e d  

Note: 1. Group 111 s c i e n c e  i n s t r u m e n t  d a t a  a re  - 
s t o r e d  i n  c o r e  memory ( C ) .  T h e s e  d a t a  
a r e  sampled  once e v e r y  t h i r d  o r b i t ,  
and i t  t a k e s  3 o r b i t s  t o  o b t a i n  3 
t r a n s m i s s i o n s  o f  t h e  same p i c t u r e .  

2. One b i o  l a b  s a m p l e  w i l l  be p l a c e d  i n  
memory A b e g i n n i n g  w i t h  a Group I I B  
command and  w i l l  c o n t i n u e  t o  s a m p l e  
on a once  p e r  o r b i t  b a s i s  f o r  35 
o r b i t s .  

I 



. . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . . . . .  . . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  

. . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . .  h . . . . . . . . . . . . . . . . . .  

. . . . . .  

. . . . . . . . . .  * . . . . . . . . . . . . . . . . . .  . . . . . . . .  .io . . . . . . . . . . . . . . . . . .  
m 
II 

. . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . . . . . . . . . .  
m . . . . . . .  .c . . . . . . . . . . . . . . . . . .  

m e 
E ". 
> 
Q 

Y m 

Y 
Y m V 

. . . . . .  - . .  N . . .  
m . ' Z . . .  

. . O  . . .  
' . Z  . . '  
. .  * . . .  . . . . .  
. .  . . .  

. .$. . .  . . . . .  
N . . . . .  
I1 . . . . .  
0 . .  a... 

m . .  N . . .  

. . . . . .  . . . . . .  

. . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  

. . . . . .  

. . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  

. . . . . .  
c . . Y I  . .  

I" r 

3 

Y 
0 

Y D 

W 

u. 
0 

49 



TABLE 23. - ENGINEERING DATA 

4 

50 

1 

Measurement 

7 

S t a t i c  p r e s s u r e  
To ta l  p r e s s u r e  
r o t a 1  t empera tu re  
;as  tank  p r e s s u r e  
:as tank  t empera tu re  
:as flow r a t e  
Sonde compartment tempera ture  1 
Sonde compartment tempera ture  2 
S t a t i o n  s c i e n c e  package t empera tu re  1 
S t a t i o n  s c i e n c e  package t empera tu re  2 
S t a t i o n  s c i e n c e  package t empera fu re  3 
S t a t i o n  s c i e n c e  package t empera tu re  4 
S t a t i o n  s c i e n c e  package t empera tu re  5 
S t a t i o n  s c i e n c e  package t empera tu re  6 
Bal loon  d i f f e r e n t i a l  p re s su re  

a l l o o n  g a s  t empera tu re  
a l l o o n  a b s o l u t e  p re s su re  
e r n i e r  g a s  tank  p res su re  
‘ e r n i e r  g a s  tank  t empera tu re  

y c l e  gas  tank  p res su re  1 

y c l e  gas  tank  p r e s s u r e  2 

: y l c e  gas  tank  p res su re  3 

: y c l e  gas  tank  tempera ture  1 

: y c l e  gas  tank  tempera ture  2 

: y c l e  gas  tank  tempera ture  3 
;even d i s c r e t e s  

-6 v o l t a g e  
-12  Vo l t age  
-5 v o l t a g e  
<TG c u r r e n t  o u t  
tTG v o l t a g e  o u t  
{TG t empera tu re  
3 a t t e r y  cha rge  c u r r e n t  
3 a t t e r y  v o l t a g e  ( f i n e )  
a a t t e r y  v o l t a g e  ( c o a r s e )  
Ba t t e ry  o u t p u t  c u r r e n t  
Zonver te r  r e g u l a t o r  tempera ture  
B a t t e r y  t empera tu re  
Sc ience  Group I c u r r e n t  
Sc ience  Group I1 c u r r e n t  
Sc ience  Group 111 c u r r e n t  
Drop sonde  b a t t e r y  vo l t age  1 
Drop sonde b a t t e r y  vo l t age  2 
Drop sonde  b a t t e r y  v o l t a g e  3 
Drop sonde b a t t e r y  vo l t age  4 
Drop sonde b a t t e r y  vu l t age  5 
T r a n s m i t t e r  i n t e r n a l  tempera ture  
T r a n s m i t t e r  o u t p u t  ( r f )  
Power amp 1 i f  ier  c u r r e n t  
Rece iver  AGC v o l t a g e  
Rece iver  i n t e r n a l  tempera ture  
Rece ive r  VCO o u t p u t  
Command s u b c a r r i e r  demod 

(deployment e v e n t s )  

vco o u t p u t  1 
vc0  o u t p u t  2 

Command decode r  ( i n t e r n a l  tempera ture  
Command s t a t u s  (7 d i s c r e t e s )  
Command s t a t u s  
R e f l e c t e d  r f  power 
Analog r e f e r e n c e  vo l t age  
Master  o s c i l l a t o r  tempera ture  
S t a t i o n  sonde  r e c e i v e r  t empera tu re  
S t a t i o n  sonde r e c e i v e r  AGC v o l t a g e  
S t a t i o n  c lock  t ime 

1 
7 

t s I samp 1 e 

1 

~ 

c c u r a c y ,  
p e r c e n t  

+ 2  
42 
$ 5  
i 5  
i 5  
t 2  
110 
i1D 
r10  
+10 
210 
210 
? l o  
+10 
+5  
Z 1  
$1 
15 
t 5  

+ 5  

+ 5  

15 

r 5  

15  

r 5  
Onlof f  

r 5  
I 5  
-5 
z5  
i 5  
? l o  
2 3  
-1 
+ 3  
+ 5  - 10 
2 10 
+ 5  
+ 5  
45 
+ 5  
-5  
+ 5  
45 
45 
+ l o  
810 
4 10  
+ 10 
10  

+ l o  
+ 5  

- 5  

-10 
Onlof f  
Onlof f  

20  

‘10  
10 

a 1 0  
1 b i t  

.ploy 

Sampling r a t e  

Loa ta t ion  

111.5 h r  

I 
I 

111.5 h r  
11314 h r  
11314 h r  

.1 
11314 hr  

111 .5  h r  

111.5 hr  - -  

111.5  hr  

I 

1 
I 

I 

t 
111.5 hr  
- 

, c l i n g  O K  d e s c e n t  

Same a s  f o r  
f l o a t a t i o n  

mode 

I 
51sec a 
51sec  
51sec  
51sec  

Same a s  f o r  
f l o a t a t i o n  

mode 

Same a s  f o r  
f l o a t a t i o n  

mode 

Same as f o r  
f l o a t a t i o n  

mode 
Once per  frame 

a 5 / s e c  sampl ing  r a t e  f o r  15  s e c  a t  s t a r t  a s c e n t  and d e s c e n t .  

b ~ o r  c y c l i c  s t a t i o n  only .  



. . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  

. . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . ^ .  . . . . . .  
E . . Y  . . . . . . .  . .a . . . . . . .  . ' 0 . .  . . .  .- 0 

m " 
I 
0 

L1 u a 
u 

Gi 

L. Y m V 

. . . . . .  . . . . . .  . . . . . .  

. . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  

. . . . . .  . . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  . . . . . .  . . . . . .  

. . . . . .  

. . . . . .  . . . . . .  

. . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . .  . . .  
In 

. . I  . . .  

. . 4  . . .  0 

. .  I, . . .  

. . . . . .  . . . . . .  . . . . . .  

. . . . . .  

. . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  

. . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . .  

51 



N 
3 z 
0 
0 c? 

~ m m  
v u v  
3 i n m  
n - f N  

N 3 

. . .  

h 

E u 1  u c o  m o  
m L i 3  
w w -  
m 3  
m o m  
o u m  
- 0  u 3  
E m  u & . w  
u w u  
m > m  

v 1 < m  
A V  a 

m 
V 

9 
N c? 3 

m 
w m Lo 

0 3 

3 

u m 
0 e 

E 

Q 

-3 

0 
N 
3 I 

m 

Li 
w 

a 
c m .3 

0 

E 

B 

u 
Lo 

x m 

u 
3 0 

a 
L 111 

m 
Q 

m 
N 

m 
Q 

in 3 

N 

c 

a z m 

Q w 

.3 

3 
U w K 

.A 

E 

Q 

m 
N 

3 

N 3 

m 

Li 

5 
0. 

ol C 
3 

.3 
m 

V 0 
Li .3 

3 
W 
8 a 

m 
Q 

0 

N 
0 3 

E 

V 

SI 
h 

0 

m 

3 

? 

Li 

N 
3: . 

E E E  m m m m m m m m  
3. e 

mc? c ? N  N 
i n O " - l \ o c ? N 4  r. 

Q V V V Q V V Q  

. . . . . . .  
i D 0 0 h 4 m - h  
-3 I \ o N \ o L n l  . . - 3 3  I , ,  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. .  .h  . . .  . b  
E O 

' Y  ' X .  . Y  
U "  

o m  Y( 

m w c  
m 3  h .i 

. . V 1  ' 3 . C . B  

L 0 u 
U 
m w 

. .  

. . ' 0  ..+ . . 

. . ' 0  ' C  . . 
" r n - 3  . v  "0- c 

3 L C O  .3 \ 2 ," 
o n m 1 . v w 3 ~ -  m a - p 1 ~ i m ~ ~ m  

w r n u m w c c o w ~ d ~  O N  
u M Y ) m U  U V I  Y) C C 
u ' 3 o w L . b . u  0 
'3 m E -  L. u al L. L. L 

0 

E C  > >  pi Gi m c 3  w 3 . 4 . 3 . -  Y u 
c ~i m u m a m . +  .rl 

E m u u m ~ u u u E  
&. c o n o  01 0.3 
w < c c n e G i a + A  rl 

-4 

N . r 
E E E  E E  m m  m m m m  m m m m m m  
v v  Q V V V  v Q V T ) V Q  

hr. D O  in"a3 '9  iD h 0 T N h  . .  . . . . .  
i D 0  0 h I r .  N C O N \ o - f N  

I N 0 N 4  -f I i D N \ o  . 3 3 3  . - 3 .  
1 ,  I , ,  . . . . . .  . . . . . .  

. . . . . .  . . . . . .  

. .  
ca . . . . . .  h f . . . .  

in . . . . . .  I. . . . . .  
. . . . . .  9 . . . . .  
. . . . . .  O . . . . .  

. . _ .  . . . . . .  

u u c 4 

&. 
0 W 

Li 
Gi a 

Li 
Gi .3 

&. L1 
s 

N 

g . . ' . .  . . . . .  
I. . . . . .  
m . . . . .  

E E  
m m m m m c c  
v Q V V V V  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  
m -:. . . .  m 
h . . . . .  
'f . . . . .  
0 . . . . .  

11 . . . . .  
c N . . . . .  . . . . .  
r- . . . . .  
m 0 . . . . .  

-I a 

.c u m 

0 
b. a o. 

u 
m u rp. 

0 4 

u 

' 2  
V m Li 

m 
0 

3 

I1 

LL 
I 

d 

m 
C 
M 3 

m 

{ M  

0 
Li u 
m 

C 0 

V w m 

m m 
m 

52 



v) 
u 

4 

0 
m I l l  
0 

m 
co 
0 

5-0 
m c  
c c  
c a ,  
a , U  
U C  
c m  
m 

4 C Q  

$4 
a, 
U 
U 
.d 

(I] 

C 
m 
$4 
B 

E 

4 

a, 
M 
m 
3 
V 
m a 
m 
U 
m n 

hl 

a, 
M 
m 
24 
V 
m a 
m 
U 
m n 

m 
a, 
M 
m 
2 
U 
m a 
5-0 
U 
a 
n 

$4 
0 
U 
U 
a, 
4 
a, 
(/I 

m 
U 
m n 

$4 
a, 
V 
C 
a, 
3 
0- 
a, 
v) .-. 
$4 

; 
m 
$4 
M 
0 
$4 
PI 

A 

4 

h 
$4 
0 
E 
a, 
E 

v 

H 

a 
3 
0 
$4 
c3 

A 

W 
m 

h 
$4 
0 

E 
H 
H 

a 
3 
0 
h 
c3 

E 

A 

V 

h 
$4 
0 

E 

W 

$ 
\ 
H 
H 
H 

a 
3 
0 
$4 
c3 

A 

n 
W 

h 
L-r 
0 
E 
; 
3 
H 

a 
3 
0 
$4 
c3 

A 

m u 
m 
Q 

a, 
‘0 
C 
0 
v) 

W 

$4 
a, 
? 

.A 
a, 
V 
a, 
d 

a, 
a 
C 
0 
v) 
v 

$4 
a, 
N 
.I- 
C 
0 
$4 
13 
V 
C A  
h m  
m u  

m 
J J Q  
.ri 
m 

53 



TABLE 2 9 .  - DATA ACCUMULATION AND REQUIRED DATA TRANSMISSION TIME PER ORBIT 

Bi ts  No. 
x 1000 readouLs 

54 

S a m p l e  T r a n s m i s s  i o n  t i m e ,  
no. m i n ,  a t  1 KBPS 

- 
O r b i t  

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

23 

24 

4 1  

4 2  

D a t a  
g r o u p  

D e p l o y  
e n g r  

MS 
I 

DS 

I 
1 
I1 
111 

I 
I11 

I 
I1 
111 

I 
I IA 
IIB 
111 

I 
I IA 
IIB 
111 

I 
I I A  
IIB 
I11 

I 
I I A  
IIB 
DS 

c 

I 
I IA 
IIB 
I11 

I 
I IB 
11s 

c 
S 
IIB 
I11 

I 
S I 1  

4 . 0  
4 . 5  

4 . 0  
12.5 

4 . 5  

4 . 5  
6 5 . 0  
9 0 . 0  

- 

159.5 
4 . 5  

9 0 . 0  
9 4 . 5  

4 . 5  
. 5  

9 5 . 0  

4 . 5  
5 1 .  0 

. 5  
9 0 . 0  

1 4 6 . 0  

4 . 5  
51. 0 

. 5  
9 0 . 0  

146 .0  

4 . 5  
5 1 .  0 

. 5  
9 0 .  0 

1 4 6 . 0  

4 . 5  
5 1 . 0  

. 5  
9 0 . 0  

146 .0  
w 

4 . 5  
5 1 . 0  

. 5  
9 0 . 0  

146 .0  

4 . 5  
. 5  

9 0 . 0  
9 5 . 0  

4 . 5  
. 5  

9 0 . 0  
9 5 . 0  

4 . 5  
9 0 . 0  
9 4 . 5  

- 

90.0 

- 

- - 
- 

- 

- 

3 
3 

3 

3 
3 
1 

3 
1 

3 
3 
1 

3 
3 
3 
1 

3 
3 
3 
1 

3 
3 
3 
1 

3 
3 
3 
1 

3 
3 
3 
1 

3 
3 
1 

3 
3 
1 

3 
1 

1 
1 

2 
2 

3 
3 

4 
2 

19 
19 

20  

35 

- 

. 198  

.225  

.198  

. 6 2 1  

.225  

.225  
3 . 2 5 5  
1 . 5  
4 . 9 8 0  

.225  
1 . 5  
1 .725  

.225  

.024 
1 . 5 0 0  
1 .749  

.225  
2 . 5 5 0  

, 0 2 4  
1 . 5 0 0  
4 . 2 9 9  

.225  
2 . 5 5 0  

. 0 2 4  
1.5 
4 . 2 9 9  

.225 
2 . 5 5 0  

.024  
1 . 5 0 0  
4 . 2 9 9  

.225  
2 . 5 5 0  

.024 
1.500 
4 . 2 9 9  - 

.225 
2 . 5 5 0  

.024 
1 . 5 0 0  
4 . 2 9 9  

.225 

.024 
1.500 
1.749 - 

. 225  

.024 

1.749 

.225  
1.5 
1 .725  

- 

- 

1.500 

Remarks  

R e a l - t i m e  d e p l o y  

Mass s p e c t  r o m e t  e r  
( 1 . 5  k i l o b i t  e n g i n e e r i n g  

S m a l l  d r o p  s o n d e  
d a t a  i n c l u d e d  i n  Group  I )  

F i r s t  p h o t o  
Sampled  e v e r y  t h i r d  o r b i t ,  

r e a d  o u t  o n c e / o r b i t  

S e c o n d  r e p e a t  of p r e v i o u s  
d a t a  s a m p l e  

R e f e r e n c e  s a m p l e  ( b i o  l a b )  
T h i r d  r e p e a t  of  p r e v i o u s  

d a t a  s a m p l e  

S e c o n d  p h o t o  of  se r ies  o f  18 
F i r s t  b i o  l a b  s a m p l e  
N e w  G r o u p  I11 s a m p l e  

Sonde  d a t a  r e p l a c e s  Group  
111 f o r  3 o r b i t s  

L a s t  p h o t o  of series 

L a s t  b i o  l a b  s a m p l e  o f  s e r i e s  

T h i s  c y c l e  c o n t i n u e s  u n t i l  
a Group  I 1  command is r e -  
c e i v e d ,  t h e  c y c l e  w i l l  t h e n  
r e s t a r t  a s  shown a t  O r b i t  4 
a b o v e  



TABLE 30 .  - POWER SUBSYSTEM COMPONENTS 

I tem 

Rad io i so tope  t h e r m o e l e c t r i c  
gene ra  t o r  

Conver t e r  r e g u l a t o r  

B a t t e r y  c h a r g e r  

Nickel-cadmium b a t t e r y  

Wiring and connec to r s  

Ra t ing  

40 W 

1 0  w 

30 W 

28 V ,  6 AH 
( 2 2  c e l l s )  

Weight 

18 kg 
( 4 0  l b )  

1 kg 
( 2 . 2  l b )  

1 . 7  kg 
( 3 . 7  lb) 

7 . 7  kg 
(17 l b )  

6.4 kg 
(14  lb) 

Vo 1 ume 

14 000 cc  
( 8 5 0  cu i n . )  

1250 c c  
(76  cu i n . )  

2050 cc  
(125  cu i n . )  

4920 cc  
(300 cu i n . )  

C i r c u l a r  p l a n a r  de- 
s i g n ;  s i l i c o n - g e r -  
manium e lements  a v a i l -  
a b l e ;  h igh - t empera tu re  
f u e l  m a t r i x  r e q u i r e s  
development 

S i m i l a r  t o  e x i s t i n g  
s o l i d - s t a t e  d e s i g n s  

S i m i l a r  t o  e x i s t i n g  
s o l i d - s t a t e  d e s i g n s  

Heat s t e r i l i z e d  
b a t t e r i e s  a v a i l a b l e  

TABLE 31 .  - POWER SUBSYSTEM ENGINEERING MEASUREMENTS 

~~ 

1. RTG v o l t a g e  

RTG c u r r e n t  

RTG r ad  i a  t o r t emp e r a  t u r  e 

2 .  Conver te r  r e g u l a t o r  ou tpu t  v o l t a g e s  

3 .  B a t t e r y  cha rges  

Output v o l t a g e  

O u t p u t  c u r r e n t  

4 .  B a t t e r y  

Output v o l t a g e  

F ine  

Coarse 

Output c u r r e n t  

Temperature 

Rang e 

S t a t u s  

0 t o  10 v 
0 t o  10 A 

400 t o  700°F 

-10 t o  15 V 

0 t o  36 V 

O t o l A  

20  t o  36 V 

0 t o  36 V 

0 t o  10 A 

0 t o  65°C 
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TABLE 34.  - CYCLIC 5000-LB STATION, GAS DUMP AND MAKEUP, HYDRAZINE CYCLE 
SUBSYSTEM (3  CYCLES TO 10 KM, 6-MB SUPERPRESSURE, HYDROGEN- 
INFLATED BALLOON, 57 KM I N  MEAN ATMOSPHERE) 

Parachute  and deployment hardware weight  . . . . . . . . . . . .  375 l b  

Two s t a g e  pa rachu te  system 

Bal loon 

Volume . . . . . . . . . . . . . . . .  340 000 cu  f t  
Diameter . . . . . . . . . . . . . . .  86.7 f t  
Su r face  a r e a  . . . . . . . . . . . . .  23 570 sq f t  
Bal loon (PBI f i l m )  . . . . . . . . . .  611 l b  
R i s e r s  and a t t achmen t s  . . . . . . . .  44 l b  
Bal loon  c a n i s t e r  . . . . . . . . . . .  100 l b  
Aeroshe l l  a t tachment  . . . . . . . . .  100 l b  

Weight . . . . . . .  855 l b  

Hydrogen i n f l a t i o n  

Gas f o r  b a l l o o n  i n f l a t i o n  . . . . . .  250 l b  
Res idua l  i n  t ank  . . . . . . . . . . .  13 l b  
Cryogen a t  launch . . . . . . . . . .  600 l b  
Tank, HX, c o n t r o l s  . . . . . . . . . .  340 l b  

Weight . . . . . . .  940 l b  

Hydrazine c y c l e  subsystem 

F i r s t  c y c l e  

Gas . . . . . . . . . . . . . . . .  2 3 6 l b  

Tankage . . . . . . . . . . . . . .  25 l b  
Res idua l  gas  . . . . . . . . . . . .  12 l b  

C o n t r o l s ,  v a l v i n g ,  e t c .  . . . . . .  10 l b  

I Second cyc le  

Gas . . . . . . . . . . . . . . . .  227 l b  

Tankage . . . . . . . . . . . . . .  25 l b  
Res idua l  gas  . . . . . . . . . . . .  12 l b  

C o n t r o l s ,  v a l v i n g ,  e t c .  . . . . . .  10 l b  

Thi rd  cyc le  

Gas . . . . . . . . . . . . . . . .  2 1 4 1 b  
Res idua l  gas  ii i b  
Tankage . . . . . . . . . . . . . .  25 l b  

I 
. . . . . . . . . . . .  

C o n t r o l s ,  v a l v i n g ,  e t c .  . . . . . .  10 l b  

Weight . . . . . . .  817 l b  

Gondola 

Weight . . . . . . .  2013 l b  

Weight l o f t e d  ( i n i t i a l )  

Bal loon  . . . . . . . . . . . . . . .  645 l b  
Gas . . . . . . . . . . . . . . . . .  2 5 0 1 b  
Cycle subsystem . . . . . . . . . . .  817 l b  
Gondola . . . . . . . . . . . . . . .  2013 l b  

T o t a l  weight  l o f t e d  . . . . . . .  3725 l b  

Buoyancy ( i n i t i a l )  . . . . . . . . . . . . . . . . . . . . . . .  3735 l b  
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Note: 1. Mylar c o n s t r u c t i o n .  
2 .  Bilaminate,  1 . 2 5  m i l .  
3 .  Hydrogen g a s  

- 

a .  6-mb superpressure ; 
b .  57-km i n  mean model 

atmosphere. 

\ , 

\ 
I !  I I 

I 

.' ; !i 

Figure  5 .  - Noncyclic 2000-lb S t a t i o n  

Equipment 
cover Heat s e a l a b l e  Mylar 

Parachute adhes ive  t a p e  (typical), 
attachment 
( t y p i c a l )  

gore  ( t y p i c a l )  

Gore s e a l  

I 
l L N y l o n - r e i n f o r c e d  

end cap 
I 

L Balloon gore 
( t y p i c a l  ) 

Balloon top  cap 
assembly 

Balloon 

Adhesive s e a l  

cone 

Cone assembly 

F igure  6 .  - Noncyclic Balloon Assembly D e t a i l s  

gore  
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Nylon (PBI 

a I 

/ Sens ing  
P o r t  .- 

End f i t t i n g  1 
Materials r e q u i r e d  f o r  c y c l i c  b a l l o o n .  a 

I 

I 
L I  

I 

-f 

nSr- -Sock r e t a i n e r  

L V T -  Tempera tu re  t r a n s d  u c e r 

L c ~ l a m p  s e n s i n g  p o r t  

k 
\\ ~ I n f l a t i o n  

h o s e  

F i g u r e  7 .  - B a l l o o n  I n f l a t i o n  F i t t i n g  Detai ls  

Gas dump and  makeup 
3 c y c l e s  
Hydrogen i n f l a t e d  
Decomposed h y d r a z i n e  A 57 km i n  mean model 

Cyc le  g a s  sys t em a tmosphere  

PBI f i l m  
b i l a m i n a t e ,  1 . 2 5  m i l  
6-mb s u p e r p r e s s u r e  

b- 56.6 f t  5 

F i g u r e  8 .  - 2000-lb C y c l i c  S t a t i o n  

c l o t h ) =  
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7 PBI g o r e  ( t y p i c a l )  

T y p i c a l  l a m i n a t e d  
c o n s t r u c t i o n  

( t y p i c a l )  

Bal loon  t o p  cap  
a ssernb 1 y 

Manual 
f i l l  
v a l v e  

B a l l o o n  g o r e  
(PBI) 

Adhesive s e a l  

Cone assembly  

F i g u r e  9 .  - C y c l i c  Bal loon  Assembly D e t a i l s  

- I s o l a t i o n  
/ v a l v e  

I 

o r i f i c e  w i t h  
p r e s s u r e  
t r a n s d u c e r  

\ 

L F i l t e r  

Temperature  
t r a n s d u c e r  

I s o l a t i o n  v a l v e  

P r e s s u r e  
s w i t c h  
( o p e r a t e s  
r e l i e f  v a l v e )  

F i g u r e  1 0 .  - I n f l a t i o n  Gas System 
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B a l l o o n  -2 -+ 

t r a n s d u c e r  

s h u t o f f  valve 

R e l i e f  valve 

i I 

/ 1 \ 

I \ 

/ 1 
I/’ i.’ 

t i c  module 

F i g u r e  11. - I n f l a t i o n  System S e p a r a t i o n  65 



Minimum Open ordnance 
a l t i t u d e  i s o l a t i o n  - 
sensed v a l v e  

Sever f i l l  Release 
l i n e  wi th  t ank  and 

1 

D i s s o c i a t i o n  Shut ordnance 
of  shu to f f  
hydrazine v a l v e  

-Gui l lo t ine  

- Timer 

4 Balloon 

- 

rFilter \ r o r d n a n c e  

P 
f i l l  v a l v e  

Ca l ib ra t ed  
o r i f i c e  wi th  
p r e s s u r e  t r ansduce r  

Hydrazine 1 

Figure  12 .  - Cycle Con t ro l s  and Equipment 

cr 

t r ansduce r  

G u i l l o t i n e  

Shutoff  v a l v e  

R e l i e f  v a l v e  

--Temperature 

t r ansduce r  -- 

G u i l l o t i n e  

R e l i e f  v a l v e  

Gondola 

Shutoff  v a l v e  

Gui l lo t ine-  

Pneumatic 
module 

F igu re  13 .  - Cycle Gas System Sepa ra t ion  
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Re lease 
p a r a c h u t e  

Release 
t a n k  and 
c o n t r o l s  

Te rmina te  
i n f l a t i o n  
and s e v e r  
hose  

- 

F i g u r e  14.  - S t a t i o n  Deployment Sequence 

C o n t r o l  b a l l o o n  
p r e s s u r e  

----- - 
Pressu re  swi t ch  Mortar  i g n i t e r  

T o t a l  Pa rachu te  

P i t o t  t u b e  --- - - F I 

J 

p r e s s u r e  b a l l o o n  
r e t a i n e r  

Ambient Open 
p r e s s u r e  i n f l a t i o n  

v a l v e  -. 

Ordnance v a l v e  G u i l l o t i n e  Exp los ive  cha rge  

I n f l a t i o n  
g a s  minimum b a l l o o n  i n f l a t i o n  t ank  and 

v a l v e  d e l a y  p a r a c h u t e  

F i g u r e  1 5 .  - S t a t i o n  Deployment Equipment 
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7 
I 

LFL 
2 -- 

Cycles u n t i l  l a s t  
v i d i c o n  microscope photo 
t ransmi t ted  

per iod ,  5 min 

IIA 111 I 

1 

Programer/sequencer 
I I I I I I I I 1 I I I I I 
2 3 4 5 6  7 8  9 10 11 1 2  13 14 15 

Orbi t  

Figure 2 3 .  - Data Management Power P r o f i l e ,  P a r t  I 

I Proeramer/sesuencer \ o r b i t  3 - 
I I I I I I \ \  I I I I I I I I 

i 2  2 3  2 4  25 26 2 7  2 8  “ 4 1  4 2  43 44 45 46  47 28 . Orbi t  

Figure 2 4 .  - Data Management Power P r o f i l e ,  P a r t  I1 
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2 8 0  - 

2 4 0  - 

r i  
I I  
I I  
I I  
I I  I I 

Minimum number 
b i t s  t r a n s m i t t e d  
per  o r b i t  

,- - - - - - _ _  

w + 2  w t 16 f o  

I 

w t 2  .Ir 

L a s t  v i d i c o n  
mic roscope  photo 

I t r a n s m i t t e d  

500 Hz cis- 
foB f s  - 

2 
f o  

t r a n s m i t t e d  

Cyc le  res ta r t s  
on command a t  
o r b i t  3 

1 3 5 7 9 20 2 2  2 4  4 1  4 3  45 47 
O r b i t  

B i t s  r ema in ing  i n  s t o r a g e  

--- Minimum no .  o f  b i t s  t r a n s -  

F i g u r e  2 5 .  - T o t a l  Data S t o r a g e  and T r a n s m i s s i o n  Requirements  per O r b i t  

2 f = 3 2 .  

3 2 . 0  KHz 

B i t  s y n c  
1000 BPS I- 

f = 1000 Hz 

f = 1000 BPS ( d a t a )  

S 

d 

F i g u r e  2 6 .  - Two-Channel Modulator  
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BPF Loop vco 
l i m i t e r  f i l t e r  f o  

+ 2  

Data b i t s  Matched 
f i l t e r  

L imi t e r  

& $+ + 2  

I 

B i t  sync 

vco Loop 
f i l t e r  

F igu re  27 .  - Two-Channel Demodulator 

v- 
Without d a t a  compression 

With d a t a  compression (5:1) 

-\ 

I I I n I I I I I 

5 7 9 2 1  23  40 42 44 
O r b i t  

F igu re  28.  - Data  Accumulation per  O r b i t  Compression Tradeoff  a 



Cavity-backed s l o t  
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Figure 29. - Main Antenna Array 

Figure 30 .  - Energy Requirements and Corresponding Battery Weight 
v s  Number of  Orbits  
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